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3.2. Pollution Frame 

The reference terms of this consultation established the need to identity the actual condition of the 

pollution through a primary recognition screening (“screening”), to be performed in the frame of the 

consultation according to a design that includes repeatable and complementary aspects of the already 

existing information on the quality of the water, of the sediments and of the biota of the Gulf of 

Honduras (basically the one obtained on the frame of the “Project for the Preservation and Sustainable 

Use of the Mesoamerican Reef System” – MBRS). 

Nevertheless, as an enriching element, an exhaustive bibliographic review was performed either of the 

preliminary Transfrontier Diagnosis Analysis (Abt Associates Inc. – Woods Hole Group, 2003) as of 

the other studies already performed by the region (WRI – ICRAM, 2006; García Salgado et al., 2006) 

which was complemented with the review of the bibliographic information especially compiled in regard 

to this consultation. 

Thus, this Section includes the determination of the denominated “base line” of the actual condition of 

the Gulf of Honduras as of the analysis of the principal background (Section 3.2.1) and of the 

information obtained in the denominated Prospective Environment Campaign which took place, in the 

frame of this consultation, between the 8
th
 and the 26

th
 day of August 2008 and in which various 

sampling stations of artificial water, of sediments and of the biota were performed (Section 3.2.2). 

Further, other aspects related to the Pollution Frame are considered and analyzed, specifically in the 

section belonging to the Transboudary Diagnosis Analysis-TDA (see chapter 4); for example, we cite:  

 The analysis and the handling condition of solid wastes, waste water, dangerous materials and 

the quality of the air. 

 A preliminary determination of the contribution that said activities make to the pollution of its area 

of influence in the Gulf of Honduras. 

 The determination of the pollution sources (maritime and terrain) that drainage the Gulf of 

Honduras. 

3.2.1. Background 

3.2.1.1. National Technical Committee Study on the Quality of the Water from 

Honduras   (year 2000) 

According to said study, the water courses of the North and Occidental zones of Honduras, among 

which rivers Ulúa and Chamalecón are found, evidenced in the year 2000, high concentrations of 

phosphate, of thermotolorant coliforms and metals such as lead (in concentrations exaggeratedly 

high), arsenic and mercury (in critical values). 
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3.2.1.2.  Report on the Aqueduct and Sewage System Autonomous Service of 

Honduras   (year 2001) 

In the year 2001 the Aqueduct and Sewage System Autonomous Service (ASSAS) of Honduras, in a 

congress held on water and restoring organized by the Pan American Center of Health Engineering 

and Environment Science (CEPIS), submitted information on the watersheds of the rivers Chamelecón 

and Ulúa which presented high levels of pollution due to industrial discharges, since a high percentage 

of industries did not own treatment plants or in the case of those who did owned one, said treatment 

was only of primary type. 

Besides, the study being considered makes reference to data from the Center for Studies and Control 

of Contaminants (CESCCO) which, in the year 1997, found that 53% of the rural areas’ water sources 

presented contamination of fecal origin (which can be associated with the excessive amounts of 

organic matter discharged or due to the contamination coming from activities of feces and urine 

washings from cowsheds and poultry yards). 

According to the study, the agricultural origin pollution has a stronger meaning in the watersheds of 

rivers Chamelecón y Ulúa, as consequence of the use of different chemical products associated to the 

banana and coffee cultivation.  Likewise, the intense use of fertilizers, near the cities as San Pedro 

Sula, is the cause of the existing concentrations of nitrogen superior to a 40,0 mg/L. 

3.2.1.3.  Nunny et al. (2001): An Investigation of the Impact on Reef Environments 

of    Changing Land Use in the Stann Creek District of Belize 

Said studies implicated the obtainment of scientific information in order to promote the balance 

between the sustainable use of the soil and the preservation of the coralline reefs of Belize and were 

based, fundamentally, in the acquisition of field information with relation to the transportation of fine 

sediments and pollutants from the terrain watershed drainage to the sedimentation maritime areas.  

Were developed during the period 1997 – 2000, in the frame of the Project denominated “Watershed 

Reef Interconnectivity Scientific Study” (WRIScS) and financed by the European Union, and are of 

particular interest since they contain various observations on the watershed of the rivers of Belize, 

Stann Creek (North and South) and Sittle River as well as in the contiguous marine area (see Figures 

3.1–6 and  3.1–7) being an example of an integral analysis that presents an in-depth study of the river 

watershed as well as of the marine areas adjacent to same. 

In the first place, the liquid and solid discharge of the main rivers was estimated: North Stann Creek, 

Sittle River and South Stann Creek (see Figure 3.1–7).  

To that effect, estimates were performed based on: a) screening of the level and unclearness 

conditions as well as of the concentration of sediments in suspension (at intervals of 15 minutes), b) 

caudal estimates (based on measurements of the transversal section and stream speed and c) 

determinations on caudal relation – level, unclearness – concentration of sediments in suspension and 

caudal – concentration of sediments in suspension. 
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Tables 3.1–5 and 3.1–6 (see Section 3.1.1.3) summarize the results obtained showing evidence of 

the fact that, at a regional and global scale, the liquid discharge is high whereas the solid discharge is 

relatively low (which constitutes a natural phenomenon associated to the characteristics of the rainfall 

and to the response to the topographic, geological and of the vegetable coverage conditions). In 

particular, it was observed that the sediment discharged toward the marine area, was mostly during 

the rainy season and mainly as a series of events which accumulate close to 90.0% of the material 

discharged.    

With regard to the characteristics of the sediments in suspension in the river watershed, in  Table 3.1–

7 (see Section 3.1.1.3) there is information on the average size and the contents of the clay fractions 

(diameter less than 0,004 mm), slime (diameters comprised between 0,004 and 0,063 mm) and sand 

(diameters comprised between 0,063 and 2,0 mm).  

On the other hand, Table 3.2–1 presents the average contents and the range of variation in metals 

and Table 3.2-2 presents the average contents in carbon, nitrogen and phosphorus (total, inorganic, 

organic). 

Table 3.2–1. Stann Creek and Sittle River (Belize) – Sediments in Suspension: 

Average contents and range of variation in metals  

 South Stann Creek Sittee River  North Stann Creek 

Metal (µg/kg) 
Station 1, 

Highway 

Station 2, 

Banana 
Station 3 

Station 4, 

Middlesex 

Station 5, 

Melinda 

Station 6, 

Dangriga 

Aluminum 
24.514 

(18.000 – 42,000) 

22.533 
(19.300 – 32.600) 

13.768 
(8.140 – 20.800) 

17.433 
(14.500 – 22.600) 

24.000 
(16.200 – 28.000) 

17.233 
(13.000 – 20.500) 

Arsenic 
55 

(31,6 – 48,0) 

44 
(35,2 – 58,0) 

25 
(13,8 – 36,0) 

42 
(25,8 – 57,0) 

64 
(45,9 – 89,0) 

44 
(27,5 – 72,0) 

Barium 
122 

(95,4 – 151,0) 

44 
(35,2 – 58,0) 

25 
(13,8 – 36,0) 

42 
(25,8 – 57,0) 

64 
(45,9 – 89,0) 

44 
(27,5 – 72,0) 

Chrome 
26 

(19,1 – 34,7) 

26 
(19,9 – 21,8) 

32 
(23,8 – 41,9) 

29 
(24,3 – 31,9) 

38 
(30,7 – 42,4) 

28 
(26,0 – 29,5) 

Copper 
18 

(11,1 – 51,3) 

9 
(5,59 – 10,1) 

25 
(14,0 – 40,6) 

20 
(11,2 – 26,3) 

15 
(13,8 – 15,9) 

12 
(11,3 – 12,8) 

Iron 
26.743 

(21 – 31.000) 

24.553 
(18 – 29.000) 

30.960 
(21 – 40.000) 

26.633 
(22 – 29.000) 

30.967 
(27 – 32.000) 

29.267 
(28 – 30.000) 

Lead 
28 

(19,5 – 41,5) 

31 
(24,8 – 40,4) 

20 
(12,5 – 27,3) 

23 
(21,1 – 25,9) 

33 
(28,9 – 34,3) 

27 
(25,5 – 28,7) 

Lithium 
41 

(28,5 – 48,7) 

53 
(22,1 – 79,8) 

31 
(18,1 – 41,6) 

37 
(35,3 – 37,9) 

46 
(37,7 – 61,1) 

39 
(32,1 – 43,2) 

Nickel 
8 

(6,3 – 44,5) 

10 
(9,2 – 10,3) 

18 
(13,8 – 22,7) 

10 
(7,78 – 11,1) 

10 
(10,2 – 12,6) 

10 
(9,09 – 10,2) 

Vanadium 
34 

(26,3 – 44,5) 

31 
(24,3 – 37,2) 

27 
(17,3 – 38,3) 

40 
(33,3 – 44,4) 

57 
(48,8 – 58,8) 

39 
(35,0 – 40,8) 

Zinc 
71 

(50,8 – 74,7) 

87 
(51,2 – 107) 

100 
(60,0 – 129) 

105 
(70,9 – 141) 

91 
(63,0 – 116) 

92 
(86,1 – 103) 

Taken from: Nunny et al. (2001) 
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Table 3.2–2. Stann Creek and Sittle River (Belize) – Sediments in Suspension:  

Average contents (%) in carbon, nitrogen, and phosphorus (total, inorganic, organic) 

River Station Carbon Nitrogen 
Total 

Phosphorus 

Inorganic 

Phosphorus 

Organic 

Phosphorus 

S
o

u
th

 

S
ta

n
n
 

Station 1, 

Banana 
0,26 3,55 431,98 265,95 166,03 

Station 2, 

Highway 
0,25 2,56 525,95 343,60 182,35 

S
it
te

e
 

R
iv

e
r 

Station 3, 

Sittee River 
0,34 3,71 481,61 266,63 214,99 

N
o
rt

h
 S

ta
n
n
 

Station 4, 

Middlesex 
0,29 4,26 670,54 391,88 278,67 

Station 5, 

Melinda 
0,27 3,29 667,25 381,87 285,39 

Station 6, 

Dangriga 
0,19 1,97 525,39 379,53 145,86 

Taken from: Nunny et al. (2001) 

 

Additionally, the project provided information about the distribution of main superficial sediments of the 

area of study (see Section 3.1.2.2) as well as their hydrodynamic and sediment conditions (see 

Section 3.1.2.5) and basic physical – chemical properties of water (see Section 3.1.2.6). 

Finally, it should be noted that various chemical analyses were carried out to twenty-five  

(25) samples of main superficial sediments: 

 Table 3.2–3 shows the organic components analyzed and their respective quantification limits; 

the results indicated the absence of pesticides and aromatic poly-nuclear hydrocarbons. 

 Table 3.2–4 shows the average concentration of the analyzed metals and Table 3.2–5 shows 

the quantification limits, the detection limits and the analytic methods used. 
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Table 3.2–3. “Watershed Reef Interconnectivity Scientific Study” (WRIScS) Project: 

Organic components analyzed and their respective quantification limits 

 

Taken from: Nunny et al. (2001) 
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Table 3.2–4. “Watershed Reef Interconnectivity Scientific Study” (WRIScS) Project 
Metal traces in main superficial sediments: Average composition (µg/g) 

 

Al Li Fe As Ba Cd Cr Cu Pb Hg Ni Va Zn 

15.733 52 18.310 27,4 20,3 < 1,0 33,1 5,6 16,3 < 0,1 11,5 22,9 43,5 

Taken from: Nunny et al.  (2001) 

 

 

 

Table 3.2–5. “Watershed Reef Interconnectivity Scientific Study” (WRIScS) Project 

Metal traces in main superficial sediments: Analytical methods and quantification and detection 

limits 

  

Taken from: Nunny et al.  (2001) 
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Pacas (2002): Monitoring of Water Quality in Wildlife Sanctuary  

3.2.1.4.  “Bocas del Polochic” and its effluents 

The objective of this study was: a) to generate information about the physical – chemical parameters 

of water in the Wildlife Sanctuary “Bocas del Polochic” and its effluents, and b) to analyze the 

information for the purpose of giving a technical opinion about the present condition of the 

ecosystem.
23

 

The area of study (Figure 3.2–1) covered the departments of Alta Verapaz and Izabal (Guatemala) 

and included the western zone of Lake Izabal as well as the Polochic river (which is the main drainage 

of the department of Alta Verapaz) and its major tributaries (Cahabón, Boca New, Zarco, Tinajas, 

Pueblo Viejo and Matanzas rivers).  

 

 

Figure 3.2–1. Location of the Wildlife Sanctuary “Bocas del Polochic” (Guatemala) 

 

Modified from: Parcas (2003) 

 

                                                 
23

 The “Bocas del Polochic” Wildlife Sanctuary is an internal wetland, located in the municipality of El Estor (Guatemala), has a surface 

of 207,6 km2, whereof 69,17 % belongs to forest surface, bodies of water and crops and 30,82 % to lake surface. 
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The collection of samples was carried out with a monthly frequency, between the months of November 

2001 and July 2002, and included determinations of the following parameters: orthophosphate, 

ammoniac, nitrate, nitrite, sulphates, dissolved oxygen, temperature, conductivity, pH, total dissolved 

solids and transparency.  

The sampling points were 34 in total (9 of them corresponded to the rivers and 25 of them to the Izabal 

Lake and the close vicinity to the rivers’ outfalls) and, according to the type of data obtained, were 

classified into: a) “primary” (those in which the determinations were of nutrients, physical – chemical 

parameters and phytoplankton, and which included sampling points located in the Izabal Lake); and b) 

“secondary” (those in which only physical – chemical parameters were carried out through HACH 

Probes, Models Sension 5 and 156). 

According to the determined parameter, the main results were: 

 Orthophosphate (the way in which phosphorus was assessed): Higher average values were 

obtained in the samples extracted from the rivers (0,32 mg/L) and lower in the samples extracted 

from Lake Izabal properly said (0,20 mg/L) being the Polochic river the one which showed the 

highest values (0,61 mg/L). Additionally, it was observed a clear seasonal difference between 

the months comprised between November and February (when the measured values were 

lower) and the months of May and June (when the measured values showed the highest 

averages).  

 Ammonia: The general average was 0,05 mg/L NH3 with a variation range between 0,02 

NH3(January to April) and 0,07 mg/L NH3. 

 Nitrates: The general average was 0,5 mg/L with a variation range between 0,1 (July) and 0,6 

mg/L (January, February and November).  

 Nitrites: The general average was 0,004 mg/L with a variation range between 0,001 (January) 

and 0,009 mg/L (April).  

 Sulfates: The general average was 13,0 mg/L with a variation range between 7,0 (July) and 22 

mg/L (April). 

 Dissolved Oxygen: The values varied between 2,0 and almost 9,0 mg/L.  

 Temperature: The average value was 25 ºC in the rivers and 28 ºC in Lake Izabal.  

 Conductivity: The average value was 162,2 µS/cm in the rivers and 195,2 µS/cm for the Lake. 

 pH: Did not vary significantly being all values comprised within the range 7,0 to 8,8 pH units. 

 Total Dissolved Solids: The average value was 85,43 mg/L with a variation range between 76,8 

and 119 mg/L. 

Summarizing the reported data, the study establishes as follows: 

 For almost all monitored parameters, the reported values were higher than those obtained in the 

previous works but maintaining, in most of the cases, the same behaviors as those described 

previously (especially, regarding the months with higher values).  

 Regarding Lake Izabal it is pointed out that the same showed: a) a good distribution of oxygen in 

the entire water column (which was construed as a result of the little depth and the action of 
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winds), and b) traces of euthrofization
24

 (due to the levels of phosphates and nitrates found and 

the low depth of the body of water).  

Likewise, the study concludes that: 

 The wetland of “Bocas del Polochic” protects Lake Izabal against the discharges of nutrients and 

sediments coming from the Basin of the Polochic river, working as a biological filter. 

 The discharges of nutrients impacting the Lake come, mainly, from the villages that are close to 

the lower part of the basin of the Polochic River and those that are around it. 

 The rivers coming from the Sierra de las Minas (Tinajas, Pueblo Nuevo and Zarco) are those 

presenting a better water quality (in connection with the presence of nutrients and the load of 

sediments). 

 Lake Izabal, due to its high levels of nutrients, is found in a state of euthrofization being a system 

which can be easily impacted due to its morphometric characteristics. 

 The rivers Boca New and Cahabón are the major providers of ions to the Polochic River, 

causing an increase in conductivity and total dissolved solids in the ecosystem. 

3.2.1.5. Pacas (2003): Interpretative Report of Water Quality in the Wildlife Sanctuary 

“Bocas del Polochic” 

The objective of this study was: a) to evaluate the trophic status of the aquatic system of the Izabal 

Lake’s western area, and of the Polochic river and its tributaries; b) to evaluate the temporary behavior 

of the physical – chemical parameters; c) to furnish information on the physical – chemical parameters 

of the water in the “Bocas del Polochic” Shelter for Wild Life (with the purpose of offering a technical 

opinion with regard to the ecosystem’s status); and d) to extend the temporary information on the 

different physical – chemical parameters. 

The studied parameters were practically the same as those considered l in the previous study (see 

section 3.2.1.4): orthophosphate, ammonia, nitrate, dissolved oxygen, temperature, conductivity, pH, 

total dissolved solids and transparency; however, neither nitrites nor sulfates were measured and it 

was added the assessment of sedimentable solids. 

The sample collection took place with a monthly frequency, between the months of March and July 

2003, reaching a total of 19 sampling points (9 at the Izabal Lake and the rest in the rivers outfalling 

into it). 

According to the determined parameter, the main results were as follows: 

 Phosphates: The values varied between 0,08 and 0,92 mg/L. 

 Nitrates: The general average was 1,5 mg/L with a variation range between 1,2 and 3,3 mg/L.  

 Ammonia: The general average was 0,07 mg/L with a variation range between 0,01 and 0,36 

mg/L. 

 Temperature: It ranged between 26,1 and 31,9 ºC. 

                                                 
24

 The term “euthrofization” means the enrichment in nutrients of an ecosystem and, in the most extended use, refers, specifical ly, to 

the more or less massive supply of inorganic nutrients to an aquatic ecosystem. 
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 Conductivity: The general average was 185,4 µS/cm with a variation range between 130 and 

221 µS/cm. 

 pH: The values showed a variation range between 7,38 and 8,82 pH units.  

 Sedimentable Solids: The lower values were found in the middle of the Lake (approximately 0,5 

mg/L) being the highest reported value close to 7,0 mg/L.  

Finally, it should be noted that, for the study in consideration, the standards used as quality criteria 

were those recommended by the Secretariat of Environment, Natural Resources and Fishing 

(SEMARNAP) of Mexico which, with the objective of protecting the aquatic life, set the maximum 

values for nitrate, ammoniac nitrogen, dissolved oxygen, total suspended solids and phosphates.  

In accordance with said Ordinance it was confirmed the euthrofization condition of the most western 

zone of Lake Izabal (due to the high levels of nutrients found, probably coming from the townships of 

the lower part of the basin of the Polochic River). 

3.2.1.6. Ariola (2003): Characterization of a Tropical Estuary System: The Placencia 

Lagoon 

Along the coastline of Belize, there are some thirty (30) coastal lagoons, most of which still are in 

pristine conditions by reason, essentially, of the fact that they are located in areas that are remote and 

isolated from the anthropical impacts.  

The Placencia Lagoon is one of the largest and is, at the same time, an important focal area for human 

settlement and the development of tourist and fishing activities (including aquaculture). 

It is a semi-closed lagoon located, approximately, between 16° 30’ and 16° 40’ Latitude North and 88° 

20’ and 88° 25’ Longitude West (Figure 3.2–2) being some 3,4 km wide in its widest zone and some 

20 km long covering  a surface of some 30 km2, which is strongly influenced by the predominant 

hydrological conditions both in the contributing rivers (Santa María Creek, August Creek and Big 

Creek) and in the Gulf of Honduras In current sea conditions, the average depth is close to 1,5 m with 

maximum depths in the order of 5,8 m in the zone belonging to the channels and its outflow into the 

Gulf of Honduras.  

In current sea conditions, the average depth is close to 1,5 m with maximum depths in the order of 5,8 

m in the zone belonging to the channels and its outflow into the Gulf of Honduras.  
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Figure 3.2–2. Location of Placencia Lagoon (Belize) 

 

 

 

The study in consideration reports the results of four water quality samplings (Table 3.2–6) wherein, 

using a multiparametrical probe DataSonde 4a of Hydrolab Corp, conductivity, salinity, temperature, 

pH, dissolved oxygen and turbidity assessments were carried out, on the surface and at the bottom of 

the water column.  

 

Table 3.2–6. Placencia Lagoon (Belize); Basic information of the performed samplings 

Sampling # Date N° of sampling stations 

1 April 5, 2001 59 

2 May 31, 2001 65 

3 March 12, 2003 53 

4 July 17, 2003 25 

Taken from: Ariola (2003) 
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According to the determined parameter, the main results were as follows: 

 Conductivity: The general average was 41,44 µS/cm with a variation range between 37,65 and 

48,98 µS/cm. 

 Salinity: The general average was 26,82 psu with a variation range between 24,00 and 32,09 

psu and salinity differences between the surface and the bottom, which, in average, belonged to 

0,31, 0,62, 0,28 and 2,87 psu for each one of the performed samplings.  

 Temperature: The general average was 29,62 °C with a variation range between 29,30 and 

30,08 °C.  

 pH: The general average was 8,34 pH units with a variation range between 8,08 and 8,57 pH 

units.  

 Dissolved Oxygen: The general average was 7,24 mg/L with a variation range between 5,79 

(92,40 % Oxygen Saturation) and 8,02 mg/L (122,09 % Oxygen Saturation). 

 Turbidity: The values were very low with a general average of 7,15 UNT and a variation range 

between 4,32 and 10,63 UNT. 

3.2.1.7. Cho – Ricketts (s. f.): A Management Plan for the Marine Buffer Zone of the 

Sarstoon – Temash National Park 

Sarstún National Park – Temash is a protected land area, administered by the Sarstoon Temash 

Institute of Indigenous Management, SATIIM (Instituto de Manejo Indígena Sarstún – Temash), which 

is located in the Southern end of Belize and which shows an important marine “buffer” zone which, 

extending between the outlets of Sarstún and Temash rivers, makes a part of the area of study subject 

matter of the present consultancy. 

Said area is comprised between Legagu Creek (near the locality of Barranco) to River Sarstún (at the 

border with Guatemala) whereas its marine boundary is determined by the width of the territorial sea of 

Belize (3,0 miles, Marine Areas Act, 1992 – Appendix 1); thus, the area comprises, approximately, 

40,26 km2 (Figure 3.2–3). 

The study in consideration investigated the Basic oceanographic characteristics of the area, 

considered as a lagoon – estuary environment, being based upon the sampling in seventeen (17) 

stations whereof information was recorded at every meter of depth of the water column. 
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Figure 3.2–3. Location of the Sarstún National Park – Temash (Belize) 

 

 

 

According to the determined parameter, the main results were as follows: 

 The area receives the influence of three major hydrographic basins (rivers Moho, Temash and 

Sarstún) which, routinarily, carry waters and sediments that impact the marine area in 

consideration; consequently the salinity is remarkably lower than in those areas that are more 

external to the Gulf of Honduras. The general average was 25,5 psu with a variation range 

between 23 and 28 psu, corresponding the lower values to the areas that are closer to the 

outlets of the rivers Sarstún and Temash.  

 Temperature: The general average was 30,3 °C with a variation range between 29 and 31 °C; 

the values varied very little both in the water column of each sampling station and in the totality 

of the sampling sites. 

 pH: The general average was 7,9 pH units with a variation range between 7,8 and 8,0 pH units 

which matches the normal range of marine waters (7,5 – 8,5).  

 Dissolved Oxygen: The general average was 6,8 mg/L with a variation range between 5,8 and 

7,7 mg/L being comprised below the range belonging to the coastal waters (5,0 – 6,0 mg/l). Two 

sampling sites showed values below 6 mg/l, whereas the remaining ones showed higher values. 

On the other hand, two sampling sites showed important variations of dissolved oxygen with the 

depth of the water column, with values below 5,0 mg/L at the bottom of the water column; that 

indicates the presence of important decomposition processes which, rapidly, captures the 

available oxygen.  

 Turbidity: Most sampling sites showed low levels of suspended solids; the turbidity average 

varied between 2,9 and 7,9 UNT although two sites showed even higher values (38,2 and 69,4 

NTU) but said sites were construed as being strongly impacted by the discharges of land 

sediments provided by the Temash and Sarstún rivers.  
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 Chlorofyll: Chlorofyll is a measure of the presence of photosynthetic algae in the water column 

(mostly phytoplancton) and is an indicator of the productivity of marine waters varying from 

oligothrophic (little or no activity) to eutrophic (high productivity). The concentrations recorded 

varied widely, with a general average of 2,4 µg/L and a variation range between 0,3 and 14,2 

µg/L typical of coastal lagoons and areas with carpets of marine pastures. 

3.2.1.8. García y Salgado (2006): Base Line of the State of the Mesoamerican Reef 

System (Results of the Synoptic Monitoring 2004–2005) 

The “Project for the Conservation and Sustainable Use of the Mesoamerican Reef System” was 

focused in the establishment of a “Synoptic Monitoring Program” as a methodology for the study of the 

variability in the state of the marine-coastal ecosystems and, in this way, contribute to improving the 

management of natural resources. 

The publication in consideration (García and Salgado, 2006), refers to the assessment of the 

information regarding pollution levels obtained in samplings carried out in the years 2004 – 2005, in 

accordance with previously established procedures (Almada – Villela et al., 2003), and is a first Base 

Line of the state of the Mesoamerican Reef System.  

The Results published belong to information about: 

 The physical – chemical characteristics of water (temperature, salinity, dissolved oxygen, 

nitrites, nitrates, ammonium and orthophosphate) in eight campaigns (carried out throughout the 

year 2005) and six sampling stations; however said stations are located beyond the area of 

study subject matter of the present consultancy, and for this reason were not considered for the 

purpose of the present report. 

 The quality of the sediments in the sampling stations (Figure 3.2–4) whereof were analyzed the 

concentrations of the various fractions of petroleum hydrocarbons (alyphatic, polycyclical 

aromatic or “PAHs”, total or “HCs” and unresolved mixtures or “UCM”) as well as 

organochlorated pesticides (including polychlorated biphenyls or “PCBs”). 

 Presence of pollutants in the White Grunt fish (Haemulon plumieri) referred to: a) concentrations 

of PAHs metabolites in bilie, b) concentrations of hydrocarbons and organochlorated 

compounds (pesticides and PCBs) in liver, and c) activity of colinesterases in liver, muscle and 

brain.  
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Figure 3.2–4. “Synoptic Monitoring Program” of the “Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System”: Location of the sampling stations of sediments 

  

Taken from: García – Salgado et al. (2006) 
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Summarizing: 

 For the matrix “water” (in sampling stations beyond the area of study object of the present 

consultancy) the main results were: 

 Temperature: The values showed a variation range between 29 and 35 ºC. 

 Salinity: The values were comprised between less than 6,0 and 30 mg/L. 

 Dissolved Oxygen: The values showed a variation range between 4,0 and 6,0 mg/L with   

records lower than 3,0 mg/L in Río Hondo. 

 Nitrites: Most of the values remained, generally, at levels under 0,004 mg/L. 

 Nitrates: Most of the values remained around 0,005 mg/L.  

 Ammonium: the highest values found belonged to Río Hondo (0,18 mg/L) whereas the lowest 

were around 0,05 mg/L. 

 Orthophosphate: The concentrations were similar in all stations (varying between 0,01 and 

0,03 mg/L). 

 Thermo-tolerant coliforms (fecal): They were found only in the locality of Río Hondo (during the 

months of June to September). 

 For the matrix “sediments” (when including sampling stations in the area of study object of the 

present consultancy) the main results were (Figures 3.2–5 a 3.2–9): 

 Hydrocarbons: The highest concentrations were obtained in the Escondido River (Guatemala) 

and in the northern part of the area of study: the Belize River and the zone around the 

transboundary area of the Bay of Chetumal (Nuevo, Corozal, Chetumal and Xcalak Rivers). In 

particular: 

 The concentrations of polycyclical aromatic hydrocarbons (PAHs), although they 

seemed homogeneous, showed in accordance with the results of the variance 

analysis application, statistically significant differences between the different sampling 

sites. 

 Generally, the concentrations of PAHs with high molecular weight prevail over those of 

the PAHs of low molecular weight, indicating that they come from a pyrogenic source 

(for combustion of organic matter) and nor from petroleum.  

 The highest concentrations of total hydrocarbons were found in Guatemala and Belize, 

which differences resulted statistically significant.  

 Pesticides: The highest concentrations were found in the North of the area of study: in the river 

Belize, in Corozal, in the Bay of Chetumal and in Xcalak. In particular, it resulted noticeable the 

high concentration of DDTs in Xcalak, as well as the high concentrations of chlorobenzenes in 

Corozal and Chetumal. 

 The concentrations de total hexachlorocyclohexanes (HCHs) and total chlordanes exceeded, 

in some stations, the “probable level of effects” (PEL)
25

 from Buchanan (1999). Particularly in: 

                                                 
25

 The “Probable Effect Level or PEL” (probable level of effects) is defined as the “limit above which it is foreseen a probable adverse 

effect on the biota” (Buchanan, 1999). 
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a) the mouth of the Chetumal Bay, b) the mouth of Houlover Creek, c) Placencia Lagoon, and 

d) almost all of the sampling stations of the Gulf of Honduras.  

 For the White Grunt fish (Haemulon plumieri), the main results were (Figures 3.2–10 a 3.2–14): 

 The concentrations de naphtalenes and phenantrenes were higher than those of pyrenes and 

benzo(a) pyrenes (that may be due to bioaccumulation and /or to a differential metabolism of 

the PAHs; however, the information available for the White Grunt fish does not allow to 

establish the causes). 

 The highest average concentrations of naphtalenes were found in Punta de Manabique and 

the differences observed between the different stations were statistically significant in the case 

of the naphtalenes but not for phenantrenes.   Neither statistically significant differences were 

found between the average concentrations of pyrenes nor of benzo(a)pyrenes. 

 The highest concentrations of all the fractions of hydrocarbons analyzed were found in Xcalak 

(Mexico) and the lowest ones in Punta de Manabique (Guatemala), being the differences 

statistically significant for alyphatic hydrocarbons, the unresolved composite mixtures (UCM) 

and the PAHs. 

 The concentrations of PCBs were the highest of all organochlorated compounds.  

 Regarding pesticides, the pattern found is different in each sampling site; in particular, it was 

observed that in Punta de Manabique the DDTs are the most abundant. 

 As to the activity of colinesterases: 

 In muscle, the lowest activities were found in Cayos Cochinos (which could indicate 

that in this sampling site there are more organophosphorated pesticides); however, 

the result was not statistically significant.  

 In brain, the lowest activities were found in Xcalak (Mexico) although the result was 

neither statistically significant  

 In liver, the highest activities were found, with lower values in Cayos Cochinos; the 

differences were neither statistically significant. 
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Figure 3.2–5. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Concentrations of Petroleum hydrocarbons in sediments 

  

Taken from: García – Salgado et al. (2006) 
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Figure 3.2–6 Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Concentrations of chlordanes in sediments 

  

Taken from: García – Salgado et al. (2006) 
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Figure 3.2–7 Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average concentrations of total hydrocarbons and PAHs in sediments 

 

Taken from: García – Salgado et al. (2006) 

 

 

Figure 3.2–8. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average concentrations (by country) of total hydrocarbons and PAHs in 

sediments 

 

Taken from: García – Salgado et al. (2006) 
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Figure 3.2–9. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average concentrations of organochlorated pesticides and PCBs in sediments 

 

Taken from: García – Salgado et al. (2006) 

Figure 3.2–10. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average concentrations of naphtalenes and phenantrenes in bile of the White 

Grunt fish (Haemulon plumieri) 

 

Taken from: García – Salgado et al. (2006) 
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Figure 3.2–11. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average concentrations of pyrenes and benzo(a)pyrenes in bile of the White Grunt 

fish (Haemulon plumieri) 

 

Taken from: García – Salgado et al. (2006) 

 

Figure 3.2–12. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average concentrations of hydrocarbons in liver of the White Grunt fish 

(Haemulon plumieri)  

 

Taken from: García – Salgado et al. (2006) 
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Figure 3.2–13. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average concentrations of organochlorated pesticides, including PCBs, in liver of 

the White Grunt fish (Haemulon plumieri) 

 

Taken from: García – Salgado et al. (2006) 

 

Figure 3.2–14. Synoptic Monitoring Program of the Project for the Conservation and Sustainable Use of the 

Mesoamerican Reef System: Average activities de colinesterases in liver, muscle and brain of the White Grunt 

fish (Haemulon plumieri) 

 

Taken from: García – Salgado et al. (2006) 
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3.2.1.9. Toledo Institute for Development and Environment (2006) 

Toledo Institute for Development and Environment (TIDE) is a non-governmental organization (NGO) 

conceived as a popular initiative, in response to negative environmental effects of activities such as 

manatee poaching, illegal fishing, illegal felling, destructive agricultural methods and unsustainable 

development in general. 

The organization is located at the Toledo district (in the extreme southern area of Belize) and every 

year it carries out a sampling of the five main rivers of the district (Monkey River, Golden Stream, Rio 

Grande, Deep River and Bladen River) for the purpose of evaluating their condition; consequently, 

they have data on water quality corresponding to: salinity, temperature, turbidity, pH, dissolved 

oxygen, phosphates, nitrates, total dissolved solids and chlorophyl (among others). 

The Results belonging to the period 1997 – 2006 indicate values average reported in Table 3.2–7.  

 

Table 3.2–7. Monkey River, Golden Stream, Río Grande, Deep River, and Bladen River (Belize): 

Average values of parameters recorded in the period of time 1997 – 2006 

Parameter Average Value 

Salinity 34 psu 

c) Temperature 28 °C 

Turbidity 2,6 UNT 

pH 8,4 

Dissolved Oxygen 43 % 

Phosphate 0,39 mg/L 

Nitrates 0,34 mg/L 

Total Dissolved Solids 30 mg/L 

Chlorophyll 0,95 µg/L 

Taken from: TIDE (2006) 

 

3.2.1.10. Studies carried out by the Pollutants Study and Control Center (CESCCO, 

Honduras) 

a) CESCCO (2007): Chemical and Ecotoxicological assessment of the lower part of 

the Chamelecón river 

Said study was published in the magazine “Pollution, Environment and Health” of the Pollutants Study 

and Control Center (CESCCO) belonging to the Secretariat of Natural Resources and Environment 

(SERNA) of Honduras. 

For them, water samples were collected and basic physical – chemical parameters, metals and essays 

on ecotoxicity were analyzed (Daphnia magna: 24h – EC50 acute bioessay and Selenastrum 

capricornutum: 72h IC50chronic bioessay) through assessments depending on international 
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methodologies (APHA, EPA, ISO) that allow to predict the analytical quality control carried out in the 

process. 

La Table 3.2–8 shows el scope of variation depending on the determined parameter. 

 

Table 3.2–8: Honduras: Scope of variation of water quality parameters 

Parameter Range of Variation 

Conductivity 330 a 45.000 µS/cm 

Temperature 29 a 34 °C 

Chlorides 1,2 a 12.821,0 mg/L 

Total Alkalinity 103 a 186 mg/L CaCO3. 

Ammoniac Nitrogen 0,1 a1,6 mg/L 

Nitrate  0,2 a 0,8 mg/L 

Nitrite 0,001 a 0,2 mg/L 

pH  7,0 a 8,5 unidades de pH 

Dissolved Oxygen 0,2 a 7,4 mg/L 

Total Hardness  104 y 4.607. 

DBO5  0,2 a 140 mg/L 

DQO 4,0 y 1.026 mg/L 

Taken from: CESCCO (2007) 

 

The study underlines the large variability of the results depending on the sampling site and which is 

correlated to the use of the land and /or the punctual discharges associated with said sampling sites. 

Likewise, it states that “beyond the fact that the mass of water still shows a certain capability to 

withstand discharges, nothing guarantees that this condition will not change drastically if the adequate 

measures are not taken”.  

In those assays on ecotoxicity, none of the samples analyzed revealed neither acute nor chronic 

toxicity effects; only in the third sampling performed in the site of Chameleconcito occurred 80 % 

mortality (little toxic). However, it should be noted that the sampling was performed in the rainy 

season, and therefore its conclusions cannot be extrapolated to dry seasons.  

Likewise, it should be noted that, beyond the fact that some monitored parameters (ammoniac 

nitrogen, dissolved oxygen, biological demand for oxygen) exceeded the reference normative (the 

Project “Technical Standard in accordance with the Water Use Type” of Honduras) the study does not 

conclude the absence of pollution in waters, since it acknowledges the insufficient amount of sampling 

sites and the absence of assessments of microbiological parameters.  
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b) CESCCO (2007): Study of residues of pesticides in Honduras – A critical analysis 

This publication gathers information for a 26-year period of time (1978 – 2004) and includes various 

environmental matrixes (water, sediments, soils and biota), being the matrix “water” the most studied. 

In the marine waters of Central America and the Caribbean, the United States Environmental 

Protection Agency (US – EPA, for its abbreviation in English) report data of up to 50 µg/L of DDT; the 

magnitude of this value can be evidenced upon comparing it to the quality standard established in the 

Chapter “Toxic Substances” of the WAC 173–201A–240 (Washington Administrative Code, United 

States) which establishes that a DDT concentration in marine waters exceeding 0,001 µg/L causes 

chronic toxicity to the biota. 

For the Valley of the Choluteca River, it is reported that between 5 and 20 % of water samples resulted 

positive in heptachlorine, aldrin, dieldrin, alpha – HCH and chlorpyriphs. 

For the matrix “soil”, The concentrations of organochlorated pesticide residues ranged from 

undetectable to 0,420 mg/kg, being DDT the compound which showed the highest concentrations; on 

the other hand, dieldrin and endrin showed values of 0,34 and 0,057 mg/kg, respectively.  

As to the matrix “sediments” values above 20 mg/kg for DDT and its metabolites were detected. 

In connection with the matrix “biota”, the information seems to be more heterogeneous from the point 

of view of the conditions of the sampling and the expression of the results; however, positive results 

are reported in at least 10 organochlorated compounds in samples of bivalves obtained in the southern 

zone of the country. 

Additionally, it should be noted that the study makes reference to the beginning of studies on 

bioaccumulation of pesticide residues, in the zones of the reefs of Honduras and Belize, by the Central 

American Environment and Development Commission (CCDA) and World Wildlife Fund – Central 

American (WWF), within the frame of the so-called “Environmental Program of the Caribbean”. The 

only matrix to be monitored would be biota. 

3.2.1.11. López Gálvez (2006): Base Line of the Quality of Water in the region of the 

Project “Environmental Justice, Community Empowerment and Social Equity for 

the Conservation of the Sarstún Region – Motagua 

The Project “Environmental Justice, Community Empowerment and Social Equity for the Conservation 

of the Region Sarstún –  Motagua” (better known by the abbreviation JADE), is a project which follows 

up and strengthens the Sarstún – Motagua region which comprises the Guatemalan municipalities of 

the departments of Izabal, Alta Verapaz, Baja Verapaz, Zacapa and El Progreso, having a total 

extension of 1.362.964 hectares, of which 35 % (477.037 hectares) is acknowledged as protected area 

or sites of interest for the conservation of the natural and cultural resources. 

The objectives of this study were the development of the follow-up and assessment protocols of the 

indicators and the definition of a base line that allowed making comparisons in time regarding the 

changes that could be shown by the quality of water of the zone in study. For that purpose, the water 

quality data obtained on a quarterly basis throughout the year 2005 were collected by the Nature 

Defenders Foundation (FDN) and the Authority for the Sustainable Management of the Hydrographic 

Basin of Lake Izabal and Río Dulce (AMASURLI) in: a) 41 sampling stations belongong to the sub-
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basin of the “Sierra de las Minas” Biosphere Reserve (rivers Motagua, Polochic and Matanzas), b) 25 

sampling stations in the Wildlife Sanctuary “Bocas del Polochic” (Polochic, Cahabón, Boca New, 

Zarco, Tinajas, Pueblo Viejo and Matanzas rivers), and c) 22 sampling stations in the basin of Lake 

Izabal (Río Dulce and Lake Izabal)  

The analyzed parameters included: a) in the sub-basin of the Biosphere Reserve “Sierra de las 

Minas”: conductivity, temperature, pH, dissolved oxygen concentration, total dissolved solids, 

phosphates, nitrates, nitrites and ammonium; and b) in the basin of the Polochic River and Lake 

Izabal: conductivity, temperature, pH, dissolved oxygen concentration, dissolved oxygen saturation 

percentage, transparency by Secchi disk, ammonium, nitrites, nitrates, total phosphorus and 

orthophosphate, metals in water (manganese, iron, chrome, copper, zinc, aluminum, and nickel). 

According to the conclusions of the study “in accordance with the water quality criteria for the 

protection of the aquatic life, the physical and chemical parameters evaluated throughout 2005 do not 

report altered levels for the uses of water, for the activities that are carried out at present in the basin”.  

3.2.1.12. López Gálvez (2008): Follow up of Governance, socioeconomic and bio-physical 

Indicators of the Project “Environmental Justice, Community Empowerment and 

Social Equity for the Conservation of the Region Sarstún – Motagua (Period 2006 

– 2007) 

In accordance with this study, as part of the activities performed within the frame of the Project 

“JADE”, several organizations planned to evaluate the quality of water in basins and rivers of the area 

of influence: a) Sierra Caral, Sierra Santa Cruz and Cerro San Gil (Foundation for Eco-development 

and Conservation FUNDAECO);  b) Biosphere Reserve Sierra de las Minas and Bocas del 

Polochic (Nature Defenders Foundation, FDN); c) Biotope of the Quetzal and Biotope Chocón 

Machacas (Conservasionist Studies Center, CECON); and d) National Park Río Dulce (National 

Council of Protected Areas, CONAP and Foundation for the Defense of the Environment of Baja 

Verapaz, FUNDEMABV). 

The parameters evaluated in most stations were: conductivity, dissolved oxygen, temperature, total 

dissolved solids, pH, phosphates, nitrates, nitrites, ammonium, metals in water, total coliforms and 

Escherichia coli.   

Depending on the studied areas, the main results were: 

 Biosphere Reserve “Sierra de las Minas”: In said reserve, in accordance with a report prepared 

by the Nature Defenders Foundation (2008), “the physical quality of water for the basin to the 

East of the Motagua would not be suitable for human consumption”; on the other hand, “the 

basin of West Motagua would present better quality but would neither be suitable for its 

consumption” ... “from the microbiological standpoint the water quality for the analyzed sub-

basins contains neither the conditions for human consumption and maintains a trend of higher 

pollution indexes with the beginning of the rainfalls”. Summarizing and in accordance with the 

drinkable water standard COGUANOR 29.001.98, “the evaluated sub-basins do not meet the 

permissible parameters, by reason of having parameters that exceed the limits”. 
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 Wildlife Sanctuary “Bocas del Polochic”: In said sanctuary, “the water quality parameters 

reported throughout the year 2006 by AMASURLI and throughout the year 2007 by FDN are 

within the normal ranges reported by the literature for the preservation of the aquatic life”. 

However, it is important to mention “the qualitative results of fecal coliforms have resulted 

positive in almost all sampling stations, with exception of the center of the lake”, therefore “it is 

important to proceed to their quantification”.  

 National Park “Río Dulce” and “University Biotope for the Conservation of the Manatee”: In the 

sampled stations, “the values of temperature and pH showed admissible levels for the use of 

fauna and flora preservation”. However, the attention is called upon the dissolved oxygen, given 

the fact that the range of reported levels fluctuated between 2,6 and 6,9 mg/L (being mentioned 

that, in accordance with the literature, the dissolved oxygen in the fresh warm water should 

contain not less tan 4,5 to 5,0 mg/L, except  when natural causes provoke a depression in this 

value).  

 Special Protection Area “Sierra Santa Cruz” and Special Water and Forest Protection Area 

“Sierra Caral”: In accordance with the studies conducted it is concluded that the water quality in 

the five sampled basins “does not exceed any of the permisible limits for human consumption 

and for agricultural use”.  

 Protected Area “Cerro San Gil”: It is one of the areas having more historic information.  

Throughout the year 2007 the pH values found ranged between 3,54 and 7,11 with six (6) 

stations with values between 4,02 and 4,79 (below the recommended standards for the aquatic 

life in warm fresh water bodies). 

 “University Biotope for the Conservation of the Quetzal”: In the performed samplings from March 

to October of the year 2007 they were found within the normal standards to protect the biota. 

In conclusion, the study establishes that “there are chemical, physical and biological impacts and 

pollution sources that are potentially having an incidence in the water quality standards of the 

Biosphere Reserve Sierra de las Minas, the Wildlife Sanctuary Bocas of the Polochic, the National 

Park Río Dulce and the University Biotope for the Conservation of the Manatee”. Consequently, for the 

sites wherein parameter levels were found to be out of the normal ranges suggested in accordance 

with the literature it recommends: a) determining the influence of agricultural fertilizers, biocides 

and depositories of an anthropogenic origin of varied nature such as waste waters, household and 

industrial toxic product; b) performing monthly samplings in all protected areas and determining 

the causes of the abnormal results of pH and oxygen obtained in some sampling stations; c) 

quantifying the presence of fecal coliforms, such as water quality indicators in all sampling stations, in 

order to determine the pollution sources and implement corrective measures (such as treatment 

plants); and d) promote, at the regional level, the development of the water quality standards for the 

preservation of aquatic organisms and wildlife.  
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3.2.2. Environmental Prospection Campaign 

3.2.2.1. Amount of Samples and Scope of the Study Area  

ANNEX 01 presents a report on the development of the Environmental Prospection Campaign 

carried out within the framework of the present consultancy, between  August 8 and 26, 2008; 

Map 35 shows the location of the sampling stations which belonged to 12 samples of 

superficial water, 12 sediment samples and 7 samples of biota. 

The sampling sites, with the used codification and the corresponding geographic coordinates, as well 

as the data from the date and time of extraction of samples, are shown in Tables 3.2–9 y 3.2–10. 

On the other hand, ANEXO 02 shows the so-called “Sampling Procedures Manual” specifically 

developed for the purpose of the present consultancy.  

 

 

Table 3.2–9. Environmental Prospection Campaign:  

  Information on the water and sediments’ sampling points   

Nº Statíon ID Point 
Coordinates WGS´84 

Date Time 
Latitude (N) Longitude (W) 

1 Turneffe Reef  T Be 17º 22' 54" 87º 55' 00" 11/08/2008 7:30 – 7:40 

2 Belize Port PB Be 17º 28´ 06" 88º 12´ 02" 12/08/2008 6:30 – 6:40 

3 Big Creek BC Be 16º 30´ 08" 88º 24´ 02" 13/08/2008 6.25 – 6.40 

4  Sarstún River SR Gu 15º 54´ 09" 88º 54´ 14" 18/08/2008 7:00 – 7:12 

5 Dulce River RD Gu 15º 49´ 31" 88º 44´ 36" 18/08/2008 8:01 – 8:20 

6 

Saint 

Thomas of Castille’s 

Port 

STP Gu 15º 41´ 46,3" 88º 37´ 25,3" 18/08/2008 9:00 – 9:10 

7 Barrios Port PB Gu 15º 43´ 53" 88º 36´ 22,1" 18/08/2008 9:-35 – 9:46 

8 Cortés Port PC Ho 15º 49´ 47,3" 87º 57´ 12,9" 25/08/2008 10:00 – 10:20 

9 Alvarado Lagoon LA Ho 15º 50´ 36,5" 87º 55´ 40,6" 25/08/2008 11:28 – 11:55 

10 Motagua River MO Ho 15º 43´ 48,4" 88º 13´ 30,9" 25/08/2008 7:34 – 7:45 

11 Ulúa River UL Ho 15º 55´ 66,2" 87º 42´ 92,2" 21/08/2008 8:20 – 8:32 

12 Chamalecón RIver CH Ho 15º 54´ 28,6" 87º 47´ 24,3" 21/08/2008 9:35 – 9:25 
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Table 3.2–10. Environmental Prospection Campaign:  

Information on the biota’s sampling points 

Nº Station ID Point 
Coordinates WGS’84 

Latitude (N) Longitude (W) 

1 Gallows Point Gallows Point 17º 61' 43.0" 88º 04' 29.0" 

2 Turneffe Reef TeR 17º 22´ 54.0" 87º 55´ 00.0" 

3 Willson Cay  Willson Cay 16º 13´ 30.0" 88º 35´ 30.0" 

4 Mc Bride Mc Bride 16º 15´ 04.0" 88º 34´ 29.0" 

5 Sapodilla Cay Sapodilla Cay 16º 08´ 08.0" 88º 14´ 10.0" 

6 Three Point Cape Manabique Point 15º 58´ 08,3" 88º 33´ 14,6" 

7 Cortés Port PCHs 15º 50´ 17.0" 87º 58´ 45.0" 

 

3.2.2.2. Matrixes Considered 

Such as it was indicated, the matrixes considered were “water”, “sediments” and “biota”. 
The backgrounds described above (Section 3.2.1), indicate that the matrix “water” has been the most 

analyzed, at the general level, in the different countries involved in the area of study, object of the 

present consultancy; that is due to the fact that among other characteristics:  a) it is the one that can 

be extracted more easily, b) the analysis methodologies are the least costly and c) there is, in the 

region, diversity of equipment, both to analyze field and laboratory parameters. 

However, it is important to mention that, specifically for the area of study which is the object of the 

present consultancy, the quality data in the matrix “water” are relatively scarce and, although said 

matrix is a good indicator of the threats to the ecosystem, no regulation monitoring program has been 

developed. It is precisely this information gap, which generated the need to include said matrix as one 

of the three to be evaluated from the primary data obtained in the Environmental Prospection 

Campaign. 

The matrix “sediments”, on the other hand, shows, sometimes, more usefulness for certain parameters 

since organic molecules, as well as pesticides and PCBs, will result attracted by the organic matter 

present in the sediment (therefore, it is expected to find higher concentrations of said analytes in this 

type of samples). Such values can define whether or not there is accumulation and can even detect 

whether the pollution is recent or has been in the system for several years. On the other hand, the 

quantities of these molecules many times found indicate the probability of finding the components in 

water (although the same cannot be detected in water samples through the most common analytic 

methods. This may be due to their low solubility in the water as well as, also, to analysis 

methodologies that are not sufficiently sensitive. 

The third matrix included in the Environmental Prospection Campaign refers to “biota”; being important 

to clarify that for “biota” it is understood the set of the biological matrix. Consequently, choosing a 
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ariable is necessary (fish, bivalve, etc.) to be considered as “bioindicator”.
26

 Once said bioindicator has 

been selected, one must evaluate what type of subsamples to analyze (liver, muscle, fluids, etc.) and 

the parameters to be determined. It should be noted that the physical-chemical characteristics of the 

various compounds conditions the matrix to be analyzed due to its potential accumulation in specific 

sites (liver, muscle, fluids, etc.). 

For the Environmental Prospection Campaign carried out within the frame of the present consultancy, 

the matrix “biota” belonging to the White Grunt fish (Haemulon plumieri) being analyzed, composed 

samples from the muscle and liver.  

3.2.2.3. Determined Parameters  

When selecting the parameters to be monitored, the economy of the marine – coastal region of the 

study area for the present consultancy was considered, which is fundamentally based on commercial 

and craft fisheries, aquiculture, agricultural production (with bananas as their main export product), 

ports and maritime transport, the storage and transportation of hydrocarbons and liquid bulk (including 

dangerous chemical products) as well as urban development and tourism. 

Likewise, based on the analysis of the history, of the assigned budget and the agreements timely 

carried out with the Regional Coordinating Project Unit (URCP in Spanish), the relevant parameters 

and the sampling stations were selected which allowed for the fulfillment of the campaign’s objective. 

Likewise, together with the previously mentioned aspects, the various relevant characterists of the 

substances to be monitored were taken into consideration, as well as their toxicologic information. 

As a result, the sampling stations were selected, as well as the various parameters to be measured in 

the field and the analyses to be carried out at the laboratories. 

a) Parameters determined in the field (“in situ”) 

 Conductivity: The conductivity of a substance is defined as "the ability or power to conduct or 

transmit heat, electricity or sound ". Generally, the conductivity values of natural waters range 

between 50 and 1.500 µS/cm whereas coastal waters have specific conductivity values of about 

100 µS/cm and inland waters reach 500 µS/cm.  

The specific conductivity can be used to calculate the concentration of total ions in water and is 

used, usually, as an alternative measure of dissolved solids given the fact that, generally, it is 

possible to establish a correlation between conductivity and the solids dissolved in a specific 

body of water. Generally terms, it can be expressed as Dissolved Solids = Conductivity x 0,5 a 

0,9 (being 0,7 the coefficient usually used.  

Discharges into natural surface waters can change la conductivity depending on the discharging 

feature. For instance: a waste water treatment system that fails can provoke an increase in the 

conductivity of the receiving body due to the presence of chloride, phosphate and nitrate, 

whereas an oil spill would lower the conductivity since the organic compounds are not good 

conductors. 

                                                 
26

 “bioindicator” are certain species or communities of organisms whose presence, behavior or physiological state shows a close 

correlation with certain circumstances of the environment, for which reason they can be used as indicators thereof. 
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Another important factor to be considered in the assessment of the conductivity data, is the 

geology of the drainage basin since it is not the same if the bottom consists in granitic material 

(which does not easily result ionizable) as if it is of a clayish nature. 

 Salinity: Is defined as the quantity (in grams) of salts dissolved in certain mass of solution. Most 

of said dissolved salts belongs to chlorides, sulfates and carbonates. In the practice, it is 

possible to calculate it from the conductivity data (without this implying a reduction in the 

accuracy of the data). In a body of water, the salinity varies both in the horizontal and vertical 

directions and, even, daily variations may arise in the same site. 

 Temperature: Temperature is an indicator of the physical properties of the environment. Such 

as it was set forth, the changes in temperature can cause changes in the solubility of salts and, 

therefore, changes in the pH of the medium (among other properties). Additionally, an increase 

in temperature reduces the solubility of oxygen (which is a condition that can have a negative 

effect on the self- depurating capability of the body of water). 

 pH: The result of a measurement of pH is determined by a consideration between the number of 

protons (ions H+) and the number of hydroxyl ions (OH–). When the number of protons reaches 

the number of hydroxyl ions, water is neutral and will then have a pH of approximately 7,0. This 

value is especially important since many compounds will be solubilized – or not – depending on 

the pH of the solution wherein they are. In estuary and marine – coastal ecosystems the pH 

varies between 7,5 and 8,5 being it stable due to the concentration of cations such as sodium, 

potassium and calcium and to the fact that acid anions such as carbonates and borates are 

found in low concentrations in said bodies of water. In natural waters the pH is close to neutrality 

by reason of the “buffer” capacity of the waters; in natural waters the pH range is normally found 

between 6,1 and 8,1. The pH is very important in the biological and chemical processes, given 

the fact that it leads to solubilizing or precipitating certain compounds present in the water 

varying in that way their toxicity over the aquatic biota. The process of acidification of lakes, 

rivers and underground waters may result from the prolonged transportation of atmospheric 

pollutants.  

 Dissolved Oxygen: Is one of the most important field parameters, since it provides more 

information of a general character. It is an indicator of the organic load of the system. The 

obtained value depends on several factors, among others: temperature, water pressure (in 

balance with the atmospheric partial pressure) and conductivity. Additionally, it should be noted 

that the biological factors, as well as the primary production and the oxidative consumption, 

affect the concentration of oxygen. It is to be expected, then, that the values of dissolved oxygen 

will present daily fluctuations, depending on the factors mentioned above as well as the 

discharge of rivers and /or the anthropogenic activities. 

On the other hand, it is possible to calculate the oxygen saturation percentage from the values of 

dissolved oxygen and, from said value, evaluate whether or not the condition of water is good. 

The saturation percentage is the quotient between the value of the dissolved oxygen found and 

the maximum concentration of oxygen possible being present in the conditions of the study 

(temperature and atmospheric pressure). Said parameter, the same as the pH, has an influence 

on the solubility of some inorganic nutrients (nitrogen and phosphorus).  

 Turbidity: Is defined as the reduction, by biotic and abiotic contribution, of the clarity of the 

medium depending on suspended and dissolved substances. That factor renders light not 

possible to be spread through the water column, and therefore, consequently, the 
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photosynthesis capacity of sub-aquatic plants may result affected and an increase in 

temperature may be caused in the environment. Beyond its affectation as such, it is important 

acknowledging that the particles in suspension can carry pollutants, nutrients and even 

pathogens which, will later, be carried depending on the currents of the environment.  

 Transparency: Is the relative measure of the clarity of an aquatic system; it is directly related to 

turbidity and, consequently, to solids in suspension: the higher the turbidity, the lower the 

transparency (being generated the effects described above). 

 Total Dissolved Solids: Compared to turbidity, which is a measure of the solids in suspension, 

dissolved solids represent the other fraction of solids present in the aquatic environment. 

Dissolved solids are constituted by water-soluble compounds whose most common cations are 

sodium (Na+), potassium (K+), calcium (Ca2+) and magnesium (Mg2+), whereas the most 

common anions are chlorides (Cl–),carbonates (CO32–) and bicarbonate (HCO3–); all of them 

have a high relation with conductivity.  

Another definition presented in the bibliography of an international level (APHA) indicates that 

dissolved solids belong to the portion of solids that go through a pore-sized filter equal to 2,0 µm 

or less, under certain conditions of temperature and time.  

b) Parameters determined in the laboratory 

 Thermotolerant Coliforms: Is one of the most utilized biological indicators to identify the 

causes of contamination and the sanitary condition of the water. These are considered as good 

indicators at world level, because they present certain specific characteristics such as being 

normal constituents of the intestinal flora both in man and in warm-blooded animals; on the other 

hand, the period of time that they can survive in the water is similar to that of pathogenous 

bacteria and their density in the water is proportional to the fecal contamination. 

 Oils and Fats: A group of substances is determined under this denomination, which have 

common conditions such as solubility in a certain organic solvent (hexane in the case of this 

study).  This parameter includes, not only oils and fats, but also it can incorporate chlorophyll 

and sulfur compounds which are not volatized in the conditions of the analysis; it does not 

include such hydrocarbon fractions of low volatilization temperature (less than 85 
o
C), because 

those are lost in the testing conditions.  It is very important to associate this parameter to the 

method used for its determination, because statistically equal values are not obtained when 

dealing with different organic solvents.  Excessive amounts of these substances may interfere 

with biologic processes, both aerobic and anaerobic, forming a layer over the water surface. 

Ammonium:  Ammoniac is a chemical substance produced both by human beings and by 

nature.  Once in contact with water, ammoniac transforms into its ionic form, known as 

ammonium ions.  In wells, rivers, lagoons and wet soils, the ionic form of ammoniac (this is 

ammonium) is the most common.  Numerous studies have demonstrated that ammoniac is very 

toxic for animals of aquatic life and that the vegetation may suffer damages due to high 

ammoniac concentrations.  In soils and plants, the transformation of ammonium ions into nitrate 

causes soil acidification. 

 

According to the Environmental Protection Agency of the United States (US-EPA), the ionic form 

known as ammonium ion, is about 100 times less toxic than the not-dissociated gaseous form 

(NH3).  It must be indicated that the environmental quality guides of Canada (Canadian Water 
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Quality Guidelines, 2003 update) have set a maximum permissible value of 0,02 mgN/L as free 

ammoniac. 

 

Normally it is determinied as total ammonium and, depending on the pH and the temperature of 

the medium, the concentration of the ammoniac present in the sample can be calculated within 

the given conditions. 

 

 Orthophosphate: The orthophosphate anion is determined as a measure of phosphorus in the 

analyzed médium.  The orthophosphate is the available form for aquatic life and the value that 

characterizes the medium. 

 Phosphorus constitutes one of the main elements of the aquatic systems and, very often, is the 

limiting nutrient of primary production, and for that reason it is a determining factor in the trophic 

condition of aquatic systems.  Consequently, it fulfills a main role in the euthrofization of aquatic 

systems. 

The artificial origins are related to various human activities and mainly to the use of fertilizers, 

detergents, domestic and industrial waste and their uncontrolled discharges into the water 

courses. 

 Total Solids: This term applies to the residue obtained after evaporating a certain amount of 

sample, under established conditions (temperature and time), and includes both total suspended 

solids and total dissolved solids. 

 Total Suspended Solids: These are solids which do not go through a filter with a pore size 

equal to 2,0 µm (or less), this means that these solids will be retained by such filter.  Same are 

determined considering differences in weight between the filter “with” and “without” the retained 

particles.  The turbidity parameter is very much related to it.  

 Biochemical  Oxygen Demand (BOD5): This parameter indicates the amount of oxygen that is 

necessary to decompose organic matter present in the medium through the action of aerobic 

microorganisms.  The oxygen consumed during the degradation of this organic matter is 

proportional to the organic matter present; as a result, this is one of the most widely used 

parameters. 

Subindex “5” indicates the incubation days; this is, the necessary period for microorganisms to 

act and to degrade the organic matter.  In fact, it has been determined that, in the majority of the 

environmental matrices, five days are enough to degrade more than 90% of the organic matter 

(remaining outside of this concept the effluents of the pulp industry and of cellulose paper which 

are more persistent and require more time). 

 Chemical Oxygen Demand (COD): Conceptually similar to the BDO5, but with the difference 

that, due to the addition of a strong chemical oxidant, both the organic and the inorganic matter 

are consumed.  It is a simple and fast parameter to measure, and relations between both 

demands can be established, which allows for an idea on the characteristics of the sample (as 

an example, the presence of recalcitrant substances).  Also a BDO5/CDO relation can be 

defined; when this relation is equal to ½ it indicates a satisfactory degree of biodegradability, 

whereas if the relation is less than ½, it may indicate the presence of toxic components such as 

metals, cyanides, etc. 



Project for the Environmental Protection and Control of Pollution Caused by the Maritime 

Transportation in the Gulf of Honduras  

 

Data and Information Management System, Establishment of a Base Line, Preparation of a 

Transboundary Diagnostic Analysis and a Strategic Action Plan 

Final Report  

 
 

 

Consortium  International MarConsult Inc & CSI Ingenieros, S.A.                          March  2010 Chapter 3 – Page 145 
 

 Total Kjeldhal Nitrogen: This parameter includes the sum of the organic nitrogen and the 

ammonium present in a certain sample.  

 Nitrate y Nitrite: These are inorganic ions which are part of the Nitrogen cycle, with nitrate 

being the most oxidized state.  Any contribution of nitrogen, both in the soil as in the water, is 

degraded by microorganisms and forms ammonium.  Such molecular form is oxidized to nitrite 

and, later to nitrate. 

In superficial waters, nitrates can generally be found in trace levels; in underground waters these 

may be present in greater concentrations.  Same are a source of energy for autotrophous 

organisms and their excess may indicate a process of euthrophization. 

The origin of both ions may be due to an excess application of fertilizers or to the presence of 

domestic effluent discharges. 

 Sulfur: Sulfur dioxide, which is included in the sulfur parameter, is a gas with a strong smell 

(which is very characteristic) and which is very easily dissolved in water. Its origin may be either 

natural or anthropogenic, with volcanic eruptions being their major sources; the burning of 

carbon and oil is a separate source of sulfur into the air, and consequently, to the other 

environmental media. 

 PCBs: A group of up to 209 individually chlorated compounds are called this way.  Each one of 

these compounds is designated as “congeneers” and may be individually determined.  There are 

no known natural sources of PCBs, so that any concentration which may be found in the 

environment is due to anthropogenic activities.  This type of compounds may be transported far 

away from their generation site, and it may even be found in high values.  With regard to their 

uses, PCBs have been extensively used as refrigerants and lubricants in transformers, 

condensers and other electric equipment (due to the fact that these are not easily inflammable 

and are good insulators).  PCBs are included as part of the so-called forbidden compounds by 

the Stockholm Convention on Persistent Organic Pollutants, which was ratified by the three 

countries involved in the present consultancy (Belize, Guatemala and Honduras).  These are 

persistent compounds which biomagnify and constitute possible cancerogenics in human 

beings. 

 PAHs: This denomination is used to name a group of chemical substances formed during the 

incomplete incineration of carbon, petroleum, gas, wood, garbage and other organic substances 

such as tobacco and grilled meat. 

As it happens with PCBs, there are over 100 individual species of PAHs although, contrary to 

what happens with PCBs, PAHs are found naturally in the environment; however, their main 

source results from anthropogenic activities. 

There are seventeen (17) individual compounds which have been the ones mostly studied, 

consequently, there is greater information on them.  This is due to the fact that these compounds 

are found in greater proportions; besides, possibly being the most toxic ones (some of them are 

even cancerogenic) and constitute the group to which human beings are potentially more 

exposed to. 

All compounds included in this group may be transported to greater distances through the air 

and, later may again deposit into the ground through the rain or the settling of particles. 
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 Mercury: Can be found in the environment in a natural form and in very low concentrations.  

Metallic mercury is used for a great variety of products present in homes such as barometers, 

thermometers, fluorescent bulbs, etc.  Once mercury reaches superficial waters, or the ground, it 

is converted by microorganisms into methyl-mercury, a substance that may be quickly absorbed 

by the majority of organisms, causing damages to the nervous system.  Fish are organisms 

which absorb a great amount of the methyl-mercury present in the superficial water; as a 

consequence, methyl-mercury may accumulate in them as well as into the food chains, which 

these fish are a part of.  In nature, mercury combines with other elements (such as chlorides and 

sulfides) and forms inorganic mercury compounds. 

 Arsenic: The origin of this element is natural and comes from anthropogenic activities; once into 

the environment, it combines with oxygen, chlorides and sulfurs, forming inorganic compounds. 

The greatest anthropogenic uses of the inorganic arsenic compounds are mainly associated with 

the preservation of wood; in fact, copper chromated arseniate is used to produce “pressurized” 

wood.  Besides, arsenic organic compounds are used as pesticides, mainly in cotton harvest 

and fruit gardens. 

The toxicity of various arsenic compounds varies considerably, with inorganic compounds being, 

in the majority of cases, more toxic than organic compounds. 

 Cadmium: Is a natural substance of the earth’s crust, which is generally found as oxides and 

chloride and/or sulfur compounds.  The activities which are capable of incorporating cadmium 

into the environment include mining, the chemical industry, the burning of carbon, domestic 

waste and solid residues’ dumps.  It must be indicated that cadmium may remain for a long time 

in organisms and it accumulates after years of exposure to low concentrations. 

 Cupper: The term cupper refers not only to the metal, but also to cupper compounds that can be 

found in the environment.  The greater uses of cupper compounds include agricultural activities, 

the treatment of plants’ diseases (for example: fungus), the treatment of waters, and as 

preservative for wood, leather and fabrics.  The cupper entering water strongly attaches to 

particles, thus getting immobilized. 

 Lead: The majority of the anthropogenic applications of this metal are due to its capacity to form 

alloys.  Different lead compounds are used both in the chemical industry and in construction. 

This metal accumulates into the bodies of aquatic organisms and in ground organisms which 

suffer noxious effects due to poisoning. 

 Níckel: Nickel may reach superficial waters due to discharges of residual waters.  The greater 

part of nickel compounds which are liberated into the environment, will be absorbed by the 

sediments of by ground particles, where these end up immobilized.  High nickel conscentrations 

in superficial waters may decrease the range of growth of algae and may modify the natural 

conditions of the environment. 

 Zinc: Zinc is one of the most abundant metals of the earth’s crust.  It combines with other 

elements to form zinc compounds, including zinc chloride, zinc oxide, zinc sulfate and zinc 

sulfide.  Such compounds are widely used in the industry for the manufacturing of paints, rubber, 

tinctures, wood preservatives and ointments.  

 Organochlorated Pesticides:  This group includes, for example DDT, toxaphen, HCH, aldrin 

and dieldrin, among others.  It must be indicated that nine (9) of the twelve (12) compounds 

forbidden within the framework of the Stockholm Convention on Persistent Organic Pollutants 
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are Organochlorated pesticides; this allows for an initial approximation to their toxicity (all are 

toxic, although their magnitude varies).  Besides, these pesticides have the capacity to remain 

for years without decomposing (are persistent and stable) and may move through different 

compounds of the environment, to other areas and may even be found in high concentrations in 

places where same have not been applied.  In general these tend to accumulate into the human 

tissues. 

Finally, it must be indicated that the total of dissolved solids was measured both in the field and in the 

laboratory and that the correlations between both determinations are presented in Section 3.2.3.8. 

3.2.2.4. Sampling Methodologies  

The Environmental Prospection Campaign carried out within the framework of the present consultancy 

was carried out in the rainy season (August 08 to 26, 2008), with the objective of obtaining a better 

reflection of the contribution from river discharges. 

For the various matrices considered, the sample extraction conditions can be summarized as follows: 

 The collection of samples of the water column was carried out through a vertical sampling bottle 

of the Van Dorn-type. 

 The extraction of sediment samples was carried out using Ponar-type dredge. 

 Fish samples were collected using harpoons and, for each sampling site, tissue samples (liver 

and muscle) were analyzed, belonging to several specimens that were placed in glass flasks 

and, subsequently, in plastic bags. 

 All samples, depending on the matrix, were preserved in cold or frozen in refrigerators, being 

maintained out of the reach of light.  

It should be additionally noted, that: 

 The preparation of all sampling flasks was carried out by the laboratories in charge of the 

analysis, which was coordinated prior to the acquisition of said material by Consorcio IMC 

MarConsult – CSI Ingenieros SA. 

 For the bacteriologic parameters, due to the short shelf life of the samples, the assessment was 

carried out partly in the field and partly in the laboratory:  

 In the field they proceeded to filtrate and, subsequently, said filter was placed in a 

bacteriostatic culture medium which was preserved in cold until being taken to the analysis 

laboratory. 

 The assessment was carried out in the laboratory through late incubation (depending on the 

procedure APHA – SMWW, 2005). 

 All samples were preserved in the conditions required by each matrix and sent to the 

laboratories responsible for the analysis. 
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3.2.2.5. Analytical Quality Assurance 

All activities involved both in the sample collection process as in the analytical determination had a 

strong quality assurance component, as the accuracy of the laboratory requires the representativity 

and quality control of the sampling process, thus generating trustworthy information. 

The quality assurance procedure implemented for the Environmental Prospection Campaign is based 

on the fact that, in many cases, the decision making process related to environmental management is 

supported by analytical data from environmental samples, which must be highly trustworthy. 

This is the reason why the sampling activity was carried out under strict quality control conditions, 

minimizing the possibility of cross contamination and assuring, through the corresponding 

registrations, the traceability of the data. 

For “in situ” determinations, the analytical quality control is very much related with the equipping used 

in the determinations; for that purpose, it is indispensable to have a technological backing that would 

guarantee the results obtained (further ahead of the controls and adjustments to be carried out prior to 

the determinations). 

Additionally, the laboratories involved in the analytical determinations worked with a quality assurance 

system of the implemented data according to what is established in the ISO/IEC Norm 17025:2005 

“General Requirements for the Competence of Essay and Calibration Laboratories”.  Such system 

allows for the assurance of the comparability of the generated data, having to contemplate aspects 

such as (among others): 

 Carrying out of blanks. 

 Duplicates of samples. 

 Percentages of recuperation. 

 Use of reference material. 

 Use of external controls. 

 Accuracy and precision controls. 

 Control graphics of accuracy and precision. 

 Equipment calibration. 

 Analytical uncertainty. 

The laboratories involved in the analytical determinations were: 

 GPL Laboratories (United States): this is a North American Laboratory with a vast experience 

in environmental analyses.  For the analytical work carried out for the present consultancy the 

work was done with the branch located in Maryland (United States).  All the analyses were 

carried out within the framework of the accreditation program called “National Environmental 

Laboratory Acreditation Program” (NELAP), which complies with the requirements of the 

ISO/IEC Norm 17025:2005; the accreditation authority which granted the license to GPL 

Laboratories is the Department of Health of the State of Florida (United States), and the 

accreditation certificates of each parameter are available in the web page of such laboratory 

(www.gplab.com). 

http://www.gplab.com/
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Finally, it should be noted that GPL Laboratories was responsible for the following analyses: a) 

metals in sediments and biota, b) organic compounds such as organochlorated pesticides, 

PAHs, PCBs in sediments and biota, and c) nitrate, nitrite and sulfide in waters.  

Center for the Study and Control of Contaminants (CESCCO, Honduras): Is a laboratory 

that belongs to the Secretariat of Natural Resources and Environment (SERNA from its acronym 

in Spanish) of Honduras which, currently is in the process of implementing a quality assurance 

system according to the requirements established by the ISO/IEC Norm 17.025; consequently, 

this laboratory does not have its accreditation as of this date. 

It was responsible for determining the following parameters in water: DBO5, DQO, suspended 

solids, dissolved solids, total solids, orthophosphate, total Khejhdal nitrogen, ammonium, oils, 

greases and thermal tolerant coliforms.  

Table 3.2–11 shows, in a summarized manner, the parameters analyzed in each matrix as well as the 

laboratory responsible for their assessment. 

 

Table 3.2–11. Environmental Prospection Campaign: Parameters analyzed and laboratory responsible for the 

analysis 

Matrix Parameter Laboratory 

WATER 

NTK, Ammonium, Orthophosphate, Oils and 

Greases, Oxygen Demand, and Total Suspended 

Solids 

CESCCO (Tegucigalpa) 

(Quality assurance in 

process) 

Thermal tolerant coliforms CESCCO (San Pedro Sula) 

(Quality assurance in 

process) 

c) Nitrites, Nitrates and Sulfides 

 

GPL Laboratories – USA 

(Granting of ISO 17025) 

SEDIMENTS AND 

BIOTA 

Metals (As, Hg, Pb, Zn, Ni, Cd, Cu) 

PCBs (46 congenerics), PAHs (25 congenerics) 

Alyphatic hydrocarbons (28 congenerics) 

Organochlorated pesticides  

granulometric characterization 

GPL Laboratories – USA 

(Granting of ISO 17015)  

3.2.2.6. Analytic Methodologies 

It is widely known that for the same paramenter there is a great variety of analysis methodologies; 

regretfully not all of these show the same result so that is it most important to reach consensus on the 

methodologies used and to select those with international backing. 

Taking into consideration the previous elements, the previously mentioned laboratories were selected 

according to the international reference methodologies used by them, the same as for the detection 

and quantification limits reached by them. 

Tables 3.2–12 a 3.2–15 show, for each matrix, the methodologies used to assess the various 

parameters analyzed.  
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Table 3.2–12. Environmental Prospection Campaign Matrix “water”: Parameters “in situ” and applied 

methodology 

Parameter d) Analytical Technique 
used  

e) Methodology 

Temperature  

Conductivity  

Dissolved Oxygen   

% of Oxygen Saturation 

Salinity  

pH   

Turbidity  

Total Dissolved Solids 

Measurement “in situ” – Sensor Horiba Probe U 22 

Transparency Measurement “in situ”  Secchi Disk 

 

Table 3.2–13. Environmental Prospection Campaign Matrix “water”:  
Parameters analyzed and applied methodology 

Parameter f) Analytical Technique 
used  

g) Methodology 

DBO5  Potentiometry  APHA – SMWW
27

 5210 A y B 

DQO Titrimetric APHA – SMWW 5220 A.2 y C 

Thermal tolerant Coliforms 

(fecal) 

Filtration through /membrane 

by late incubation  

APHA – SMWW 9222 E 

Total Solids Gravimetric  APHA – SMWW 2540 B 

Total Suspended solids Gravimetric APHA – SMWW 2540 D 

Total Dissolved Solids.(In 

laboratory) 
Calculation 

_ _ _ 

Sulfide  EPA
28

 376.1 

NO3
–
  Reduction by cadmium EPA 353.2 

NO2
– 

Colorimetry EPA 353.2 

NH4
+
 Titrimetric APHA – SMWW 4500-NH3 C 

Total Kjeldahl Nitrogen  
APHA – SMWW 4500 – N C, 

4500 – NH3 B, 4500 NH3 C2 

PO4
 =

 Colorimetric, acid digestion  APHA – SMWW 4500 P, D 

Oils and greases 

(extractable in hexane)  
Gravimetric APHA – SMWW 5520 B 

 

                                                 
27

 American Public Health Association (APHA) – Standard Methods for the Examination of Water and Wastewater (SMWW), 20
th
 

Edition, 1998. 

28
 EPA: Environmental Protection Agency – United States of America. 
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Table 3.2–14. Environmental Prospection Campaign 
Matrix “sediments”: Parameters analyzed and applied methodologies 

Parameter h) Analytical Technique  
Referenced Analytical 

Methodology 

Cu FLAAS
29

 EPA, SW
30

 3050 B y SW 6010 B 

Hg  CVAAS
31

 EPA 7471 A 

Zn  FLAAS EPA, SW 3050 B y SW 6010 B 

As  ETAAS
32

 EPA, SW 3050 B y SW 6010 B 

Cd  FLAAS EPA, SW 3050 B y SW 6010 B 

Ni  FLAAS EPA, SW 3050 B y SW 6010 B 

Pb  FLAAS EPA, SW 3050 B y SW 6010 B 

PCBs   EPA SW 3540 C y SW 8082 

Total Asphalt Hydrocarbons  EPA SW 8015 

PAHs  EPA 8270 

Organochlorated Pesticides  EPA SW 3550 y 8081 A 

 

Table 3.2–15. Environmental Prospection Campaign 

Matrix “biota”: Parameters and applied analytical methodologies 

Parameter i) Analytical Technique  Reference 

Cu FLAAS EPA, SW 3050 B y SW 6010 B 

Hg  CVAAS EPA 7471A 

Zn  

As  

Cd  

Ni  

Pb  

FLAAS EPA, SW 3050 B y SW 6010 B 

PCBs  EPA SW 8082 

Total Asphalt Hydrocarbons  EPA SW 8015 

PAHs  EPA 8270 

Organochlorated Pesticides  EPA SW 3550 y 8081 A 

                                                 
29

 FLAAS: English abbreviation of “Flame Atomic Absorption Spectrometry”. 

30
 SW – EPA: Test Methods for Evaluating Solid Waste, Physical/Chemical Methods. 

31
 CVAA: English abbreviation of “Cold Vapor Atomic Absorption”. 

32
 ETAAS: English abbreviation of “Electro-thermal Atomic Absorption Spectra-photometry”. 
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3.2.2.7. Methodology for the assessment of Results 

For of carrying out the assessment of the data generated in the Environmental Prospection Campaign 

developed within the frame of the present consultancy, the obtained results were compared for all 

sampled points.
33

  

Taking into consideration that, to date the Center for the Study and Control of Contaminants 

(CESSCO, Honduras) does not have the ISO/IEC 17.025 accreditation, all the basic physical – 

chemical parameters analyzed by said laboratory were carried out in triplicate, so as to assure the 

representativity of the samples and to increase the confidence in the results.  However, in some cases, 

for analytical quality control reasons, it was necessary to appeal to the elimination of some of the 

individual values by reason of being considered that the dispersion amongst the results was too large 

to be accepted. 

Additionally, for the assessment of the information, quality criteria were defined for the purpose of 

securing the reliability of the results; this was carried out through the analysis of the relations between 

the information obtained for the various parameters. So it was evaluated the expected relation 

between: a) DQO and DBO5, b) conductivity and dissolved solids, and c) total nitrogen and the 

remaining forms of nitrogen.  

With respect to the graphics presented in this report, the average of the three individual results was 

considered, taking into consideration the concordant data, elected according to the relative standard 

deviation. 

Additionally, the data was evaluated against the standards and/or value guides of water quality for the 

protection of the aquatic biota, which are established in different normatives and/or standards, both of 

local or international character. 

The information corresponding to the “water” matrix  was contrasted, in the first place, with the existing 

local  norms and, in the second place, with the values established by the National Oceanic and 

Atmospheric Administration (NOAA), of the United States; lastly, for those parameters not presenting 

standards according to the previous norms, the evaluation criteria adopted was the comparison with 

the values established by the Canadian Water Quality Guidelines for the Protection of Aquatic Life. 

The national norms corresponded to the “Technical Norm Project According to the Type of Water Use” 

(Honduras), using the criteria established for the preservation of the fauna and flora.  It must be 

indicated that, within the framework of the investigation carried out for the present consultancy, no 

water quality norms were found that would establish quality standards for the protection of the aquatic 

biota specifically for Guatemala and Belize. 

Neither have local norms been identified that would establish maximum acceptable concentrations in 

biota and/or sediments in either one of the three countries under the present consultancy (Belize, 

Guatemala and Honduras).  Consequently, for the matrices “sediments” and “biota” the guide values 

used in the evaluation of the results were those recommended by the National Oceanic and 

Atmospheric Administration (NOAA) of the United States and by the Canadian Water Quality 

Guidelines for the Protection of Aquatic Life. 

                                                 
33

 The application of statistical tests was not possible, since there are no sufficient data numbers for such an analysis. 
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It must be pointed out that, to the moment and according to the history analyzed for the present report, 

the great majority of the comparisons carried out was contrasted with the established criteria for 

potable water (as such studies were mainly based on the evaluation of the water bodies and their 

suitability for consumption).  In that respect, it is important to reiterate that, for the purpose of the 

present report, the values established in the standards for the protection of the aquatic life (fauna and 

flora) were considered in terms of the objectives of the ecosystem’s assessment.  

3.2.2.8. Analysis of the Results 

Such as it has already been set forth, Map 35 shows the location of the sampling sites carried out 

within the frame of the Environmental Prospection Campaign developed for the purpose of the present 

consultancy; on the other hand, Tables 3.2–9 and 3.2–10 present the coordinates of said points as 

well as the used codification and the data belonging to the date and time of extraction of the samples. 

In all sampling stations (12) samples of superficial water and superficial sediments from the bottom 

were taken, but only in seven (7) of them were biota samples collected; those stations did not 

necessarily coincide with those corresponding to the water and sediments’ samples, as the indicator 

organism used, the “ronco blanco” fish (Haemulon plumieri), can mainly be found associated to the 

coral reef. 

a) Water Quality Studies 

 “In situ” Determinations 

 The stations that were sampled presented a differential behavior on the physical – chemical 

parameters determined “in situ”.  

 Conductivity and Salinity 

Analyzing the conductivity data obtained, it was observed that the sampling point corresponding to the 

Dulce River is where the lesser value can be found (0,263 S/m), whereas the higher value was found 

at the point corresponding to Turneffe Reef (6,15 S/m), which was considered in the present study as 

a “control point” (due to its being the least impacted one for activities of anthropic origin). 

The conductivity range recorded in the points located in Belize ranged between 2,75 and 6,15 S/m; 

they are followed by the points sampled in the Honduran coastal zone (wherein they oscillated 

between 2,98 and 5,50 S/m) and the points located in the Guatemalan coastal zone (wherein they 

oscillated between 0,263 S/m – Río Dulce and 2,54 S/m –Puerto Santo Tomás de Castilla). 

For the salinity parameter, the lowest value (2,0 psu) was found in the Sarstún River and the highest 

value (40 psu) coincided with the highest conductivity value reported for Turneffe Reef; however, the 

salinity value belonging to Río Dulce was invalidated (for being considered as anomalous data).  

The tendency recorded for conductivity was repeated for the salinity parameter: los highest values 

were recorded in Belize (17 a 40 psu) followed by the values of the Honduran coast (25 to 38 psu) and 

with the lowest values in Guatemala (2,0 a 16 psu).
34

 

                                                 
34

 Both the conductivity and the salinity values are quite higher than those by Pacas (2002, 2003), which was to be expected, 

considering the water types analyzed. 
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Figure 3.2–15. Environmental Prospection Campaign: Matrix “Water” – Field metering: Conductivity and 

Salinity results 

 

 

 

Note: The salinity is expressed as % (grams of salts in 100 g of solution) and in order to convert them to practical 

salinity units (psu) the value in % must be multiplied by 10. 

 

On the other hand Figure 3.2–16 allows comparing the conductivity and salinity values evidencing 

that, in all sampling sites, both parameters keep the relation between them, although the values 

present a broad variation. 
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Figure 3.2–16. Environmental Prospection Campaign: Matrix “Water” – Field metering: Comparison between 

Conductivity and Salinity 

 

Note: Salinity is expressed as % (grams of salts in 100 g of solution) and in order to convert them to practical salinity 

units (psu) the value in % must be multiplied by 10. 

 

Finally, it should be noted that, considering that the Environmental Prospection Campaign was carried 

out in the rainy season, the lowest records could be related to a higher contribution of water amount 

from the courses of the water effluents to the Gulf of Honduras or by a higher marine influence in some 

zones. Thus, the sampling sites belonging to the Sarstún and Dulce rivers are those wherein it seems 

there is a higher contribution of fresh water since they present lower conductivity and, therefore, 

salinity values.  

 Temperature 

The temperature showed a relative stability (Figure 3.2–17), being the average value 30,2 ºC with a 

variation range comprised between 27,12 ºC (Sarstún River) and 32,75 ºC (Alvarado Lagoon).
35

  

It should be noted that Alvarado Lagoon is a semi-confined body of water with an apparent exchange 

subordinated to discharges from the various tributaries; the values obtained coincide with   the data 

backgrounds reported (Pacas, 2002 and 2003; see Section 3.2.1.5 and 3.2.1.6). 

In the different guides consulted, there are no limits or regulatory values for water temperature; 

however, it is mentioned that the activities that can generate major changes in the temperature the 

marine and estuary waters are the chemical, petro-chemical, cellulose and paper industries, as well as 

household waste waters. On the other hand, depending on the Canadian Water Quality Guidelines for 

                                                 
35

 Said values coincide with the reports from Nunny et al. (2001) in the study belonging to the project named “Watershed Reef 

Interconnectivity Scientific Study” (Section 3.2.1.3) wherein it ranged between 26 a 32 ºC and with those reported by Pacas (2003) 

in the “Interpretation report of Water Quality in the Wildlife Sanctuary Bocas del Polochic” (Section 3.2.1.5) wherein it ranged 

between 26,0 a 31,9 ºC; however it should be noted that said ranges are lower than those reported by García and Salgado (2006) in 

the “Base Line of the condition of the Mesoamerican Reef System” (Section 3.2.1.6) wherein it ranged between 29,0 and 35,0 ºC) 

and in the report of the CESCCO (2007) wherein it ranged between 29,0 and 34,0 ºC. 
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the Protection of the Aquatic Life, the anthropogenic activities should not increase by more than 1,0 ºC 

the temperature of the natural environment (CCME; 2000).  

 

Figure 3.2–17. Environmental Prospection Campaign: 

Matrix “Water” – Field metering: Temperature 

 

 

 Dissolved Oxygen 

As to the levels of dissolved oxygen, it is common finding higher values the closer to the surface the 

assessment is made since both for the exchange with the atmosphere and the higher entrance of light 

allow the occurrence of oxygen-releasing photosynthetic processes. It should be noted that all 

samples extracted by the Environmental Prospection Campaign carried out within the frame of the 

present consultancy, belong to superficial samples.  

The concentration of dissolved oxygen evidenced a gradient, being the minimum recorded value 7,3 

mg/L (Chamalecón river) and the maximum 9,89 mg/L (Port of Santo Tomás de Castilla). 

According to the Canadian Water Quality Guidelines for the Protection of the Aquatic Life, under 

normal conditions (water balanced with the air, a salinity of 35 psu) the value of dissolved oxygen is 

8,6 mg/L in surface, being found lower values in deeper levels. Said fall is due to the fact that bacteria 

consume the organic matter, generating anoxic conditions; consequently, the guiding value 

recommended for the protection of the aquatic biota is, as a minimum, 8,0 mg/L. 
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Chamelecón River, Big Creek and Puerto Cortés are the three points where the values are found 

below said minimum value (Figure 3.2–18); however, it should be noted that in estuaries values below 

8,0 mg/L can be found.
36

 

 

Figure 3.2–18. Environmental Prospection Campaign: Matrix “Water” – Field metering: Dissolved oxygen 

 

 

Finally, it should be noted that a dissolved oxygen value outside of specifications can generate 

changes in the persistence and bioavailability of some chemical compounds; additionally, the changes 

in the values of dissolved oxygen have an influence in the incorporation of oxygen in the sediments, 

with the resulting modification in the availability of the metals deposited there (CCME; 2000).  

 pH 

The conditions of the water pH ranged from slightly acid to slightly alcaline, being the recorded 

minimum value 6,65 pH units (Big Creek) and the maximum 8,04 pH units (Dulce River), being most of 

the values found near neutrality (Figure 3.2–19).
37

 

 

 

 

                                                 
36

 It should be noted that in Section 3.1.2.6 it has been mentioned that: a) within the frame of the “Program for Monitoring the Water 

Quality of Belize” (CZMAI, 1999) the scope of concentration of dissolved oxygen was 5,2 a 9,6 mg/L belonging to areas wherein 

waste waters are discharged; and b) in the report “Physical – Chemical and Eco-toxicological appraisal of the lower part of 

Chamalecon River” values much below the presented limits were recorded o (0,2 to 7,4 mg/L). 

37
 In previous studies, the pH values ranged between 7,00 and 8,80 (Pacas, 2002) and between 7,38 and 8,82 (Pacas, 2003) whereas 

in the Environmental Prospection Campaign slightly lower values were obtained (6,50 to 8,04). 
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Figure 3.2–19. Environmental Prospection Campaign: Matrix “Water” – Field measurements: pH 

 

 

Considering that marine and estuary waters have a high “buffer” power, due to the high presence of 

strong cations such as calcium, sodium and potassium and the large abundance of anions such as 

carbonate and bicarbonate, it is to be expected that the pH values of the various samples analyzed 

remain within de a narrow range; it is so that the Canadian Water Quality Guidelines for la Protection 

of the Aquatic Life establish a range from 7,0 to 8,7 pH units as an acceptable range.  

Consequently, Big Creek and Motagua River were the points where the values resulted lower than 

those established by said scope of reference; the variation can be provoked by acid rain coming from 

the depositing of atmospheric SO2, NOx and CO2 whose origin can be: a) the combustion of fossil 

fuels deposited on the water surface, b) the acid drainage coming from the mining activities and c) 

lixiviates from industrial solid residues. 

 Turbidity and Transparency 

Said parameters recorded a significant variation between the different sampling sites (Figure 3.2–20); 

Puerto Cortés showed the lowest turbidity value whereas the lowest transparency values were 

recorded in the points belonging to the outlets of the Ulúa and Chamalecón rivers. 
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Figure 3.2–20. Environmental Prospection Campaign: 

Matrix “Water” – Field measurements: Turbidity and Transparency 

 

 

 

 

 

 



Project for the Environmental Protection and Control of Pollution Caused by the Maritime 

Transportation in the Gulf of Honduras  

 

Data and Information Management System, Establishment of a Base Line, Preparation of a 

Transboundary Diagnostic Analysis and a Strategic Action Plan 

Final Report  

 
 

 

Consortium  International MarConsult Inc & CSI Ingenieros, S.A.                          March  2010 Chapter 3 – Page 160 
 

 

Generally, aquatic systems have an illuminated zone in their surface, turning gradually darker and 

darker as the depth, color and turbidity of water increases. Waters with a muddy (or “chocolate”) 

aspect obtain said color from the suspension sediments resulting from the action of the wind, the 

currents or external contributions. Among the latter, the erosion in the drainage basins or the 

discharge of effluents, can increase the normal level of sediments in suspension reducing the 

penetration of light in the water and, on the other hand, affecting – or limiting – the capability of life of 

some biological communities. For lakes, determining the depth to which light penetrates defines the 

extension of the coastal zone and informs what portion of the water column is the one in which the 

photosynthetic activity could occur. 

It should be noted that the sampling sites belonging to Puerto Belize and to the river Sarstún recorded 

values greater to the turbidity range suggested by the Canadian Water Quality Guidelines for the 

Protection of the Aquatic Life (0 to 20 NTU; CCME, 2000). 

 Total Dissolved Solids 

The concentration of total dissolved solids showed a significant variation between the different 

sampled points: the values ranged between 0,2 mg/L (Río Dulce) and 37,0 g/L (Turneffe Reef); the 

higher values occurred in the coastal zones of Belize and Honduras, whereas the lower ones were 

observed in the coast of Guatemala. On the other hand, the variation between the sampling sites 

located in Belize and Guatemala is very significant, whereas the sampling sites located in Honduras 

evidenced higher stability (Figure 3.2–21). 

 

Figure 3.2–21. Environmental Prospection Campaign: Matrix “Water” –  

Field measurements:  Total Dissolved Solids 

 

 

 



Project for the Environmental Protection and Control of Pollution Caused by the Maritime 

Transportation in the Gulf of Honduras  

 

Data and Information Management System, Establishment of a Base Line, Preparation of a 

Transboundary Diagnostic Analysis and a Strategic Action Plan 

Final Report  

 
 

 

Consortium  International MarConsult Inc & CSI Ingenieros, S.A.                          March  2010 Chapter 3 – Page 161 
 

It should be noted that the probe used to determine the field parameters calculates total dissolved 

solids from the conductivity data (therefore, it is an indirect measure); consequently, for the purpose of 

the assessment of the parameters related to solids will be taken into consideration the analytical 

results reported by the Center for the Study and Control of Pollutants (CESCCO). 

The concentration of total dissolved solids depends on the temperature of water, the pH and the 

potential redox of the medium (among other conditions). It is difficult to establish a direct relationship 

between the different parameters recorded; that justifies the large diversity of assessments that must 

be performed in order to carry out a complete assessment of the total quality.  

 Assessments in Laboratory 

 DOB5, COD 

Figure 3.2–22 allows observing that, except for the sampling station in the Motagua river (with 1,2 

mg/L)
38

 the biochemical demand of oxygen was below the limit of detection of the analytical 

methodology, which in this case was 1,0 mg/L. 

Given the fact that the oxygen consumed during the degradation of the organic matter is proportionate 

to the existing organic matter, from the DBO5 values obtained it can be concluded that, in the points 

analyzed, no concentrations of organic matter to be degraded are identified.  

 

Figure 3.2–22. Environmental Prospection Campaign: 

Matrix “Water” – Laboratory measurements: DBO5 

 

 Note: The values < 1,0 mg/L belong to the quantification limit of the analytical technique 

 

                                                 
38

 Said value is much lower than the standard proposed in the “Project of Technical Standard in accordance with the Water Use Type” 

(Honduras), which belongs to 30 mg/L. 
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As to the parameter DQO, although the same was analyzed, the reported values – and ratified by the 

laboratory CESCCO – indicate, for the water samples, concentrations that vary within a range 

comprised between 87 mg/L (Turneffe Reef, “control point”) and 410mg/L (river Ulúa). Said values are 

extremely high, especially if they are evaluated jointly with the related parameters.  

Additionally, in considering the ratio COD/BOD5 it is observed that the same is found, in all cases, 

approximately, between 100 and 400 and therefore the reported values do not seem to belong to the 

matrix considered. This empirical ratio would be establishing that the samples have a high charge of 

inorganic pollutants, very recalcitrant and practically impossible to be degraded by the bacterial of the 

location. On the other hand, the laboratory has confirmed the elimination of the positive interferences 

than may arise as a result of the presence of chlorides in the sample and which could be justifying said 

value.  

Consequently, only the results of BOD5 were evaluated, being all obtained values lower than the value 

proposed in the normative project considered for the purpose of the present study.  

It should be noted that the previous studies reporting BOD5values are few; one of them is the 

“Physical-Chemical and Eco-toxicological assessment of the Chamalecon River” (CESCCO, 2007) 

which reports values between 0,2 and 140 mg/L (a scope which results quite broad).  

 

 Total Solids, Suspended and Dissolved 

A comparative evaluation was carried out of the values that could be averaged, which were obtained 

from the laboratory analyses for total solids, total suspended solids and total dissolved solids, 

obtaining that in all samples, more than 99% of the total solids come from dissolved solids (Table 3.2–

16). 

On the other hand, Figure 3.2–23 shows the data of total solids obtained in the laboratory jointly with 

the dissolved solids measured in the field (multi-parametrical probe) and in laboratory (gravimetric 

method). It is observed that although there is a very good concordance in the data, there are some 

differences in the concentrations of dissolved solids which may be due, among other causes, to the 

calibration of the equipment used in the assessments as well as to the sensitivity of the methods used; 

however, said differences do not invalidate the conclusions resulting from the analysis of the collected 

data. 

Likewise, Figure 3.2–23 evidences that the data are consistent with the results obtained for salinity 

and conductivity (Figure 3.2–14); this results to be expected in accordance with the relative weight of 

said solids regarding the total. 

On the other hand, the tendencies observed evidence that in the coastal zones of Honduras and 

Belize were recorded the points with the highest amount of water-soluble compounds, evidencing 

heterogeneity regarding the physical – chemical properties of the environmental matrix in study 

(“water”).  
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Table 3.2–16. Environmental Prospection Campaign (Matrix “Water” – Laboratory measurements): 

Average solids by sampling site and relative weight of dissolved solids regarding total solids 

ID Point 
Total Solids  

(mg/L) 

Total Suspended 

Solids (mg/L) 

Dissolved Solids 

(mg/L) 

Dissolved Solids / 

Total Solids (%) 

Turneffe Reef 44.870 17,83 44.852 99,96 

Puerto Belice 18.235 33,60 18.202 99,82 

Big Creek 26.932 23,20 26.908 99,91 

Sartsún River 17.042 22,33 17.019 99,87 

Dulce River 9.522 11,30 9.511 99,88 

Puerto Sto. Tomás 17.147 17,00 17.130 99,90 

Puerto Barrios 13.675 20,07 13.655 99,86 

Puerto Cortés  33.778 33,80 33.744 99,90 

Alvarado Lagoon 27.393 31,60 27.362 99,89 

Motagua River 39.248 44,00 39.204 99,89 

Ulúa River 31.620 69,00 31.551 99,78 

Chamalecón River 25.153 48,00 25.101 99,79 

  

 

Figure 3.2–23. Environmental Prospection Campaign 

Matrix “Water”: Concentrations of total solids compared to dissolved solids 
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As to suspended solids (Figure 3.2–24), the data indicate that the Ulúa River (with 69 mg/L), the 

Chamalecón River (with 48 mg/L) and Motagua River (with 44 mg/L) are the points which showed the 

highest concentrations regarding the total points sampled. 

Likewise, it is observed that the sampling sites belonging to the stations of Honduras are the ones that 

show higher values followed by those belonging to Belize and Guatemala
 39

; however, it is a very 

general approach, given the fact that there are rivers bordering between the different countries (such 

as the case of the Motagua and Sarstún rivers).  

It should be added that in the Canadian Water Quality Guidelines for the Protection of the Aquatic Life 

no reference values have been found and neither in the normative project of Honduras, which was 

considered for the purpose of the present assessment. 

Figure 3.2–24. Environmental Prospection Campaign 

Matrix “Water” – Laboratory measurements: Concentration of suspended solids 
 

 

 

 Nitrogen (Ammonium, Total Kjeldhal Nitrogen, Nitrates, Nitrites) 

The nitrogen forms of greater interest in the natural and residual waters are, in decreasing order of 

oxidation status: nitrate, nitrite, ammoniac and organic nitrogen; all of these are biologically 

interconvertible and are part of the nitrogen cycle, reason why same were expressly included in the 

present study. 

 

                                                 
39

 This observation agrees with the results of the hydrological analysis implemented in the year 2006 by the World Resources Institute 

(WRI) according to which Honduras contributes with more than 80 % of the sediment discharged to the Gulf of Honduras. 
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What is known as total ammonium includes both the ionized form (NH4
+
) as the non ionized form 

(NH3); it must be indicated that, many times the established limits are found in relation with the 

ammoniac (NH3) concentration, which is the substance that causes toxicity for aquatic life. 

Depending on how is the parameter expressed in the water quality normative used for the evaluation 

or the parameter guide established, there will be differences that must be considered; for example: a) 

to compare the value measured with the standard of the “Technical Norm Project According to the 

Type of Water Use” (Honduras ) the results must be expressed as ammoniacal nitrogen, and b) to 

evaluate the value obtained according to the Canadian Water Quality Guidelines for the Protection of 

Aquatic Life, it must be expressed as ammonium. 

Table 3.2–17 summarizes the values of total ammonium (ionized plus the non-ionized) taking into 

consideration the conditions of temperature and pH of the medium.  However, the bibliography 

mentions that these limits are simply references, because the ionic force present in the medium 

influences in a great measure the concentration of the non ionized form (besides the pH and the 

temperature). 

 

Table 3.2–17. Guide concentrations of ammonium according to temperature and pH 

Temperature 

(ºC) 

pH 

6,0 6,5 7,0 7,5 8,0 8,5 9,0 9,5 

0 231 73,0 23,1 7,32 2,33 0,795 0,250 0,042 

5 153 48,3 15,3 4,84 1,54 0,502 0,172 0,034 

10 102 32,4 10,3 3,26 1,04 0,343 0,121 0,029 

15 69,7 22,0 6,98 2,22 0,715 0,239 0,089 0,026 

20 48,0 15,2 4,82 2,54 0,499 0,171 0,067 0,024 

25 33,5 10,6 3,37 1,08 0,354 0,125 0,053 0,022 

30 23,7 7,50 2,39 0,767 0,256 0,094 0,043 0,021 

Taken from: Canadian Council of Ministers of the Environment (2009) 

 

 

Figure 3.2–25 evidences that the greater value registered corresponds to the sample taken in Belize’s 

Port (0,51 mg NH4–N/L); nonetheless, if such value is compared with the one suggested as acceptable 

in Table 3.2–17, same can be found within the acceptance parameters.  It must be remembered that 

the temperature in Belize’s Port was of 28,7 ºC and the pH was 7,54. 
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Figure 3.2–25. Environmental Prospection Campaign 
Matrix “Water” – Laboratory measurements: Total ammonium Expressed as nitrogen 

 

Note: The values < 0,12 mg NH4– N/L belong to the quantification limit of the analytical technique 

 

With regard to the compliance verification of the proposal of the “Technical Norm Project According to 

the Type of Water Use” (Honduras), it was necessary to calculate the values of free ammoniac at each 

sampling point, so that it would be possible to make such comparison. 

The calculation of the fraction of free ammoniac (non ionized ammonium) was carried out departing 

from the results of the total ammonium reported by the laboratory and the conditions of temperature 

and pH of the medium at each sampling point. 

The equation used was: 

NH3 = F * NH4  

Where:   

F = 1 / (1 + 10
y
)  

Resulting in:   

y = 0.09018 – pH + 2.729,92 / (t + 273,16) 

and    

t = Temperature (°C) 

 

 

The concentrations of the calculated ammonia (Figure 3.2–26) indicate that the value reported for 

Belize’s Port goes over all the others in an important way.  When comparing such value with those 
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compiled in the bibliographic investigation (Section 3.2.1), it is obvious that such concentration is very 

much above the maximum values obtained by Pacas (2002, 2003) for the Wild Life Shelter of the 

“Bocas del Polochic” (0,07 mg/l) but below the values obtained in the study “Physical – Chemical and 

Ecotoxicologic Evaluation of the lower part of the Chamelecon River” (CESSCO, 2007), which are 

close to 1,6 mg/l.  

It should be noted that the methodologies used may differ, with the resulting variation in the data; 

however, the comparison of said methodologies are different from objectives of the present 

consultancy. 

However, it should be noted that all values were found below the limit of 2,0 mg/l suggested in the 

“Project of Technical Standard in accordance with the Water Use Type” (Honduras). 

 

Figure 3.2–26. Environmental Prospection Campaign:  

Matrix “Water” – Laboratory measurements: Free ammonia calculated from pH and temperature 

 

 

Additionally, the total concentration of Kjeldhal nitrogen was evaluated (Figure 3.2–27); this 

parameter, such as it has been stated previously, includes the organic nitrogen existing in the sample 

plus whatever amounts of ammonium it may contain.  

 The sampling sites belonging to Turneffe Reef and Puerto Belize were the ones that showed the 

highest concentration of total nitrogen (0,68 mg/L). The result obtained for the first point (Turneffe 

Reef) – ratified by CESCCO – results interesting since it was said point was considered as “control 

point” considering, for that purpose, its geographic location as well as the little probability of 

impacts caused by anthropogenic activities. The value of total nitrogen reported by the Laboratory 

is not consistent with the ammonium value corresponding to such sampling point; such 

inconsistency refers to the fact that the ammonium concentration was barely quantifiable, 



Project for the Environmental Protection and Control of Pollution Caused by the Maritime 

Transportation in the Gulf of Honduras  

 

Data and Information Management System, Establishment of a Base Line, Preparation of a 

Transboundary Diagnostic Analysis and a Strategic Action Plan 

Final Report  

 
 

 

Consortium  International MarConsult Inc & CSI Ingenieros, S.A.                          March  2010 Chapter 3 – Page 168 
 

representing only 30% of the total nitrogen value reported which would indicate that the remaining 

70% represents organic nitrogen, this is, a high content of organic matter (proteins, nucleic acids, 

etc.), which should be reflected in other evaluated parameters (which does not take place).  

Consequently, the piece of information is considered anomalous so that it is not possible to carry 

out a preliminary evaluation of the nutrients at the control point (Turneffe Reef).  Besides, the value 

does not seem to agree with the rest of the sampled points, where no quantifiable values were 

obtained of such parameter).. 

The guides or proposals of quality standards of water used in the evaluation do not present values of 

acceptable maximal concentration for such parameter. 

 

Figure 3.2–27. Environmental Prospection Campaign:  

Matrix “Water” – Laboratory measurements: Total Kjeldhal Nitrogen 
 

 

Nota: The values < 0,37 mg/L belong to the quantification limit of the analytical technique 

 

For nitrite, no high concentrations were recorded; the maximum reported value was 0,005mg/l which 

agrees with the concentrations found in the previous studies (Pacas, 2002, 2003) The values recorded 

present homogeneity, having no major differences been detected between the different samples. 

 
The Canadian Water Quality Guidelines for the Protection of Aquatic Life establish a limit value for 

nitrites just for fresh water, with the maximum acceptable value being 0,06 mg/l; on the other hand, the 

Technical Norm Project According to the Type of Water Use” (Honduras) suggests a maximum value 

of 3,0 mg/l.  In both cases, the values registered are less than the maximum acceptable. 
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Additionally, regarding to nitrate, most of the samples showed no quantifiable results. For those 

sampling sites that do show nitrate concentrations, the values were close to 0,1 mg NO3–N/L, values 

close to those presented in previous studies (Pacas, 2002) and lower than the average values 

reported by TIDE (2006) and clearly lower than those reported by Pacas (2003) wherein the lowest 

value was de 1,2 mg/L expressed as nitrate (which belongs to 0,27 mg NO3–N/L). 

Figure 3.2–28 shows the results obtained, it was observed that the most compromised points for this 

parameter are Puerto Belize and the Chamelecón river; for Puerto Belize the great majority of the 

nitrogen comes from ammonium. 

At all the sampling points, the concentrations registered are less than the maximum acceptable ones 

for the protection of the aquatic biota, both in the Canadian Norms (16 mg/L) as in the Honduran 

technical norm project (50 mg/L). 

 

Figure 3.2–28. Environmental Prospection Campaign: 

Matrix “Water” – Laboratory measurements: Nitrates 

 

Nota: The values < 0,05 mg NO3– N/L belong to the quantification limit of the analytical technique 

 Oils and Fats 

The determinations of oils and fats show evidence of the total concentration of a family of organic 

compounds that, among others, include non volatile hydrocarbons, vegetable oils, animal fats, waxes, 

soaps and fats.  Frequently, it is clearly visualized as a film, slightly colored and with a certain shine, 

over the water surface; nonetheless, some organic compounds may be found in the water column. 

These substances, even at low concentrations, may be toxic to the aquatic biota, as same reduce the 

dissolved oxygen and may alter the aesthetics of the water body. 

Analizing the Results obtained, it can be observed that in some cases there is an important relative 

standard deviation among the (triplicate) data which are reported by the laboratory (such is the case of 
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the values corresponding to Cortes’ Port).  Additionally, the values of the blanks informed by the 

CESCCO laboratory were surprisingly high (average value = 6,60 mg/L) and, in some cases, even 

higher than the concentrations reported for the sampling point.  Nonetheless, after having such results 

ratified by the laboratory, the existence of analytical interferences may be considered, especially in the 

cases of very low concentrations, that could be affecting the results corresponding to some sampling 

points (as, for example, those corresponding to Turneffe Reef). 

Departing from the reported data – and ratified by the analysis laboratory (CESCCO) – all the 

sampling points present quantifiable values; however, considering that in none of the prior studies was 

this compound studied, the results cannot be compared with previous information, so that it is 

necessary to have continuity of the measurements of this compound).  

The Alvarado Lagoon is the point that shows the highest concentration of oils and greases, followed in 

importance by Puerto Barrios and Puerto Santo Tomás de Castilla (Figure 3.2–29). 

Figure 3.2–29. Environmental Prospection Campaign: 

Matrix “Water” – Laboratory measurements: Oils and Greases 
 

 

Note: The values < 1,0 mg/L belong to the quantification limit of the analytical technique 

At a general level, it is observed that the average values registered in the coastal area of the Gulf of 

Honduras are slightly higher than the points corresponding to Guatemala, followed by Belize and, 

finally, by Honduras (with the exception of the sampling point corresponding to the Alvarado Lagoon). 

Finally, it should be noted that the reference bibliography used in this study does not establish 

maximum admissible values; however, it is stated that said compounds should not be visible. 
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 Orthophosphate 

As previously mentioned, the orthophosphate is the available form for aquatic life and the phosphorus 

concentration, together with the nitrogen proportion, are used to define if there is – or not – an 

eutrophication of the medium, as phosphorus is normally the reagent that limits the growth of algae 

and bacteria.  That is the reason, among other factors, for the high concentrations of phosphorus to 

allow for enough food for algae and bacteria, with their resulting excessive growth.  

According to the bibliography compiled for the present consultancy, many of the water courses that 

outfall into the Gulf of Honduras, or certain stretches of same, present signs of eutrophication. 

The registrations obtained within the framework of the Environmental Prospection Campaign indicate 

that Alvarado Lagoon and the Chamelecon River are the points presenting the highest concentrations 

(Figure 3.2–30) being all the same, very inferior with relation to the history compiled.
40

   

The value established by the National Oceanic and Atmospheric Administration of the United States 

(NOAA) as concentration of elementary phosphorus that would cause chronic toxicity to the aquatic 

biota correspond to 0,1 µg/l that is equivalent to 0,31 µg/L of orthophosphate.  

At all the sampling points the values registered are much higher than such criteria of chronic toxicity 

(Figure 3.2–30) 

 

Figure 3.2–30. Figure 3.2–30. Environmental Prospection Campaign: 

Matrix “Water” – Laboratory measurements: Phosphorus 

 

Note: The values < 0,02 mg/L belong to the quantification limit of the analytical technique 
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 Sulfur 

According to the information obtained within the framework of the Environmental Prospection 

Campaign, only at four sampling points (of the total of twelve) were quantifiable concentrations of 

sulfur become evident (Figure 3.2–31),three of them corresponding to Guatemala and the rest to 

Belize.  For this parameter, the Sarstún and Dulce Rivers were the ones showing the highest 

concentrations, followed by Barrios Port and Belize’s Port.  

The value established by the National Oceanic and Atmospheric Administration of the United States 

(NOAA), as a criterion of maximum concentration, corresponds to 2,0 µg/l, value that is synonymous of 

acute toxicity; such value was widely surpassed at the points in which the parameter being considered 

was quantifiable. 

 

Figure 3.2–31. Environmental Prospection Campaign: 
Matrix “Water” – Laboratory measurements: Sulfides 

 

Nota: The values <2,0 mg/L belong to the quantification limit of the analytical technique 

 

 Microbiological Parameters (Thermotolerant Coliforms)  

Regarding this parameter, from the information obtained within the frame of the Environmental 

Prospection Campaign results that it is in the ports (with the exception of Puerto Cortés) where the 

condition thereof is most compromised (Figure 3.2–32): Puerto Barrios is the sampling site that shows 

the highest concentration (500 UFC/100ml), followed by Puerto Belize (with 390 UFC/100ml) and 

Puerto Santo Tomás de Castilla (with 250 UFC/100ml).  
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Besides, it can be appreciated that for high salinity values, the concentration of thermotolerant 

coliforms decreases.  This fact is to be expected given that, in brackish or saline waters, its half life is 

low so that in these cases, high recounts indicate that the discharge of waste water is close – in 

temporary terms – to the moment of sample collection. 

 

Figure 3.2–32. Environmental Prospection Campaign: 
Matrix “Water” – Laboratory measurements: Thermal-tolerant Coliforms 

 

Note: The values reported for Turneffe Reef, Big Creek, Puerto Cortés, Alvarado Lagoon and the Motagua  

River belong to the quantification limit of the analytical technique 

It should be noted that the backgrounds already indicated high concentrations (National Technical 

Committee of Water Quality of Honduras, 2000) and that in the report of the Autonomous Services of 

Aqueducts and Sewerage of Honduras (SANAA, 2001) the presence of this type of pollutants is found 

in 53 % of the evaluated samples. 

b) Sediments Quality Studies 

At the sediments’ matrix, the groups of parameters monitored were inorganic compounds (toxic metals 

including arsenic) and organic compounds (PCBs, PAHs, pesticides and aliphatic hydrocarbons). 

For of the results’ assessment, it is important to consider the textural characteristics of the sediments 

as these, as it was already mentioned (see section 3.1.2.3), condition the adsorption capacity of the 

different contaminants, with the sediments with the higher load of organic matter the ones with more 

feasibility to present the monitored compounds. 

On the other hand, it should be noted that, in the data’s assessment, the so-called “threshold effect” 

proposed by the Canadian Council of Ministers of Environment (CCME, by its English 

abbreviation)was considered, and that the values proposed by the Canadian standards are based 
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upon statistical studies using data from various works, which considered the presence of metals in the 

aquatic environments and their hazardous effects in living beings.  

Therefore, said standards define two values: the so-called “Probable Effect Level”, PEL and the so-

called “Threshold Effect Level, TEL). The highest value (PEL) indicates the proportion above which 

such effects are statistically frequent, whereas the lowest value (TEL) is the concentration below which 

such effects are statistically improbable. Within the band comprised between the PEL and the TEL, are 

the metal concentrations with statistically occasional hazardous effects. 

 Textural Characteristics 

The distribution of the sediments have its implications from the point of view of their capacity to retain 

contaminating substances. 

In the present study twelve (12) samples of major superficial sediments were analyzed; for the 

purpose of the analyses (depending on ASTM Standards) it was used a sample of less than 500 g and 

all results were verified and carried out taking into consideration the quality controls of the United 

States National Environmental Laboratory Accreditation (NELAP). 

Figure 3.2–33 allows for the observation of a high proportion of mud, with an average value around 

44% and a variation range extending from 1.4% (Turneffe Reef) to 65,4% (Ulua River).  The clay 

percentage is also significant in a large section of the sediments analyzed, with an average value of 

27,8% and a variation range extending from 2,1% (Turneffe Reef) to 49,2% (Barrios Port).  

 

Figure 3.2–33. Environmental Prospection Campaign: 

Matrix “Sediment”: Granulometric composition of the samples 
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If the sum of the proportions of clay and mud are considered, it can be observed that Belize’s Port, Big 

Creek, Sarstun River, Dulce River, Barrios Port, Alvarado Lagoon and Ulua River present more than 

75% of these type of materials; on the other hand, Cortes Port, Motagua River and Chamalecon River 

escape from this tendency, as these present high proportions of fine sand (39, 56 and 41 %, 

respectively). 

At Turneffe Reef sand predominates over gravel and clay; in fact, almost 90% of the sediment 

extracted from such sampling point  corresponds to sand and in it, almost 50% corresponds to medium 

sand. 

The results previously presented coincide with the history considered in Section 3.1.2.2. (Purdy, 1974; 

Purdy and Gishler, 2003; WRIScS, 2001) which indicate that in the central region of the “lagoon” 

located between the coral reef and the coast, the terrigenous muds reach values higher than 40% 

(increasing in the direction toward the coast where terrigenous sands pass) while more to the South, in 

the Gulf of Honduras itself, such amount maximizes reflecting both the lack of dilution of the carbonate 

and the increase in the incidence of rivers outfalls (Purdy and Gishler, 2003). 

As it was already indicated (see also Section 3.1.2.2.), the sediments corresponding to muds and 

clays (particles lower than 0,063 mm) it is most probable that these may retain significant quantities of 

contaminants, including those of anthropogenic origin; in particular, as the diameter of the particles 

decreases (from 0,063 mm to 0,002 mm), the specific superficial area of the particles increases 

exponentially, reinforcing the capacity of the particles to trap ionic and/or hydrophobic substances. 

 Presence of Pollutants 

 Metals 

Figures 3.2–34 y 3.2–35 and Table 3.2–18 show the concentrations of total metals per sampling site, 

evidencing that they showed a heterogeneous gradient. 
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Figure 3.2–34. Environmental Prospection Campaign: 

Matrix “Sediment”: Metals 
 

 

Note: Some values reported belong to the quantification limit of the analytical technique; in articular: a) all of Cadmium 

values; b) the value of Copper for Turneffe Reef; c) the values of Mercury for Turneffe Reef, Puerto Belize, Big Creek, 

Sarstún River, Río Dulce, Motagua River and Chamalecón River; and d) the values of nickel and zinc for Turneffe Reef 
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Figure 3.2–35. Environmental Prospection Campaign: 
Matrix “Sediment”: Metal concentrations 

 

Note: Some reported values belong to the quantification limit of the analytical technique; in particular: a) all values of 

Cadmium; b) the value of Copper for Turneffe Reef; c) the values de Mercury for Turneffe Reef, Puerto Belize, Big 

Creek, Sarstún River, Río Dulce, Motagua River and Chamalecón River; and d) the values of nickel and zinc for 

Turneffe Reef. 
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Table 3.2–18. Environmental Prospection Campaign: 

Matrix “Sediment”: Metal concentrations (expressed in mg/kg of dry matter) 

STATION 
Cadmium 

(mg/kg) 

Copper 

(mg/kg) 

Mercury 

(mg/kg) 

Nickel 

(mg/kg) 

Zinc  

(mg/kg) 

Lead 

(mg/kg) 

Turneffe Reef  <0,8 <1,3 <0,05 <1,3 <2,7 1,3 

Puerto Belice <1,2 9,7 <0,078 10,1 38 13 

Big Creek <0,9 13,5 <0,058 34,6 6,4 26 

Sarstún River <0,84 24 <0,056 211 62 5 

Dulce River <1,2 18 <0,074 167 61,3 12,3 

Puerto Santo Tomás <1,4 38,5 0,2 69,5 160 34,5 

Puerto Barrios <1,1 40,5 0,2 124 166 28,1 

Puerto Cortés <0,63 18,8 0,057 25,3 61,8 10 

Alvarado Lagoon <1,3 42,7 0,18 43,4 133 27,5 

Motagua River <0,6 7 <0,041 30,1 34,4 3,3 

Ulúa River <0,94 23,9 0,33 14,7 83,7 14,1 

Chamalecón River <0,62 8,5 <0,043 9,7 47 7,5 

Note: The values indicated as “< x” belong to the quantification limit of the analytical technique  

 

For the sample belonging to Turneffe Reef no quantifiable results are reported for any of the analyzed 

metals (Table 3.2–18), resultado concordante con lo esperado (por ser considerado como “punto de 

control”). 

Likewise, in Table 3.2–18 it is observed that those points belonging to the Guatemalan coastal zone of 

the Gulf of Honduras (Sarstún River, Río Dulce, Puerto Santo Tomás de Castillas and Puerto Barrios) 

are those having the highest total metal Concentrations. In the second place are the sampling sites 

elonging to the coast of Honduras, where Alvarado Lagoon is the sampling site with the highest total 

metal concentration. In the third place are the points belonging to Belize, where there is little difference 

in total metals (with the exception of Sarstún River). 

Additionally, zinc and nickel are the metals that are found in highest concentrations for several of the 

sampling sites, being the average for nickel 52 mg/kg and for zinc 72 mg/kg (Figures 3.2–36 and 3.2–

37). On the other hand, nickel prevails notoriously in the points of the coastal zone of Guatemala, 

whereas for zinc, although is found in the highest concentrations in said sediments, the difference in 

concentration from the zone of Honduras is much lower than for the case of nickel. 
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Figure 3.2– 36. Environmental Prospection Campaign: 

Matrix “Sediment”: Zinc 

 

Nota: The value reported for Turneffe Reef belongs to the quantification limit of the analytical technique. 

Figure 3.2– 37. Environmental Prospection Campaign: 
Matrix “Sediment”: Nickel 

 

Nota: The value reported by Turneffe Reef belongs to the quantification limit of the analytical technique. 
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The results of copper vary from sampling site to another (Table 3.2–18, Figure 3.2–38), with an 

average value of 20 mg/kg and a variation range between 7,0 and 43 mg/kg which highest value 

belongs to Alvarado Lagoon. 

 

 

Figure 3.2– 38. Environmental Prospection Campaign:  

Matrix “Sediment”: Copper 

 

Note: The value reported by Turneffe Reef belongs to the quantification limit of the analytical technique. 

 

None of the sampling points present quantifiable data for cadmium; however, due to the individual 

characteristics of the samples and to the quantity of sample collected for the laboratory essay, the 

maximum limit reported varies (Table 3.2–18). 

For the case of mercury, the sampling points for which quantifiable values were reported were Saint 

Thomas of Castille’s Port, Barrios Port, Cortes Port, Alvarado Lagoon and Ulua River; the average 

value was 0,2 mg/kg and the maximum value was 0,33 mg/kg (Ulua River).  On the other hand, it was 

observed that the mercury concentrations are higher in the points corresponding to Honduras and 

Guatemala than those in Belize (Table 3.2–18, Figure 3.2–39). 
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Figure 3.2– 39. Environmental Prospection Campaign: 

Matrix “Sediment”: Mercury 

 

Note: The values reported for Turneffe Reef, Puerto Belize, Big Creek, Sarstún River, Río Dulce, 

Motagua River, and Chamalecón River, belong to the quantification limit of the analytical technique. 

For the arsenic parameter, the sampling point corresponding to Big Creek is the one presenting the 

highest concentration (30,4 mg/kg); the distribution gradient of the concentration of this metal in the 

samples is heterogeneous (Table 3.2–18, Figure 3.2–40), having been quantifiable in the totality of 

the sampling points, with the exception of the so-called “control point” (as expectable). 

Figure 3.2–40. Environmental Prospection Campaign: 

Matrix“Sediment”:Arsenic

 

Nota: The value reported by Turneffe Reef belongs to the quantification limit of the analytical technique. 
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Regarding the lead levels, Table 3.2–18 and/ Figure 3.2–41 show evidence of the fact that the highest 

values were registered in the ports with the exception of Cortes Port where, even though quantifiable, 

is lower when compared to the sampling points located in the other port areas.  The highest values 

were found at Saint Thomas of Castille’s Port, in Barrios Port and at the Alvarado Lagoon. 

 

Figure 3.2–41. Campaña de Prospección Ambiental: 

Matriz “Sedimento”: Plomo  

 

 

As to the comparison of the metal concentrations in sediments with values belonging to the “probable 

level of effect” (PEL) and to the “limit level of effect” (TEL), we have that, in all cases, these are found 

below the TEL (0,03 mg/kg); that is to say, they are lower than the concentration below the which it is 

improbable for an adverse effect  for la biota to occur.  

 

 Organic Compounds  

Among this group of compounds are the aliphatic hydrocarbons, the organochlorated pesticides, the 

polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls (PDBs). 

For the evaluation of the organochlorated pesticides and considering the existing previous information 

(Garcia and Salgado, 2006), four sub-groups or compounds were selected: a) the so-called DDTs (that 

include 2,4 – DDD; 2,4 – DDE; 2,4 – DDT; 4,4 – DDD; 4,4 – DDE  and 4,4 – DDT), b) the so-called 

Drins (that include aldrin, dieldrin and endrin), c) chlordane, and d) heptachlorepoxy. 

In the present study, 46 individual congeners of PCBs were analyzed and none of the analyzed 

samples presented quantifiable values of individual congeners; such results oppose those obtained by 

Garcia – Salgado et al. (2006) within the framework of the so-called “Baseline of the Mesoamerican 

Reef System” as in such study PCBs were found in greater concentration with respect to the total of 

the parameters determined. 
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Departing from the samples obtained within the framework of the Environmental Prospection 

Campaign, the highest value reported as upper limit of sample content was obtained for the Alvarado 

Lagoon (2,1 µg/kg).  Nonetheless, it is important to indicate that all the values are under the values 

corresponding to the “probable effect level” (PEL) and the “threshold effect level” (TEL) which 

correspond to 21,51 and 188 µg/kg, respectively. 

Organochlorated pesticides did not present quantifiable results either, for any of the proposed sub-

groups; nonetheless, for the sampling points corresponding to Saint Thomas of Castille’s Port and 

Alvarado Lagoon it cannot be assured that the drins’ concentration does not surpass the guide value 

(of 4,3 µg/kg) as the value reported is higher than the permissible maximum level. 

For the DDTs group, all the sampled points present values below the “probable effects level” (PEL) 

which corresponds to 52 µg/kg.  Likewise, with respect to the “threshold effects level” (TEL), which 

corresponds to 3,89 µg/kg, in ten of the twelve sampled points, the values registered were lower.  

Nonetheless, for the Alvarado Lagoon and the Saint Thomas of Castille’s Port it is not possible to draw 

conclusions, as the analytical quantification limits were slightly superior to the value corresponding to 

the “threshold effects level”. 

As to the chlordane, the quantification limits of the analytical methodology are much higher than the 

values belonging to the “probable level of effect” (PEL) and to the “limit level of effect” (TEL), 

consequently no conclusions can be drawn. 

For the heptachlorepoxy, even though the norms of the Natinal Oceanic and Atmospheric 

Administration of the United States (NOAA) do not suggest concentrations corresponding to the 

“probable effects level” (PEL) for marine sediments, the Canadian Water Quality Guidelines for the 

Protection of Aquatic Life recommend a value of 2,74 µg/kg. Consequently, when comparing the 

information obtained with such value, it is observed that in eight of the twelve sampling points, the 

value corresponding to the norm is surpassed.  The higher concentraton is registered at the Alvarado 

Lagoon, followed by the Saint Thomas of Castille’s Port, Belize’s Port, Dulce River and Barrios Port 

(Figure 3.2–42); at a general level, the highest concentrations are evidenced in the coastal zone de 

Guatemala, followed by Honduras and Belize.  
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Figure 3.2–42. Environmental Prospection Campaign: Matrix “Sediment”: Heptachloroepoxy  

 

 

As to the PAHs, 25 individual congenerics were analyzed being observed that all of them meet the 

limits belonging to the “probable level of effect” (PEL) proposed by the United States National 

Administration for the Atmosphere and the Ocean (NOAA) for the individual PAHs. Additionally, the 

values obtained are all below 6,7 µg/kg; it should be noted that, in accordance with the NOAA, the 

maximum value of total PAHs with high molecular weight is 6,7 mg/kg and the maximum value for 

those of low molecular weight is 1,4 mg/kg (1000 times higher than the quantification limit of the 

methodology used for the purpose of the analysis).  

Such results agree with those reported by Nunny et al.(2001) in which the only congener reported is 

benzo(a)anthracene, with a 6,7 µg/kg value.   

Given the fact that the totality of the data were reported as lower than the quantification limit of the 

analysis, Figure 3.2–43 shows an approach of the probable maximum concentrations of each organic 

compound in the sediment samples belonging to the different sampling sites. However, for viewing the 

results, it is assumed the most conservative situation, that is to say, that the maximum existing is equal 

to the quantification limit reported individually for each sample. It should be noted that the chlordane 

was not quantified given the fact that the analytical quantification limit was much higher than the value 

of the “probable level of effect” (PEL) proposed by NOAA. 
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Figure 3.2–43. Environmental Prospection Campaign:  

Matrix “Sediment”: Hypothesis of maximum concentrations of organic compounds (µg/kg) 
depending on a conservative criterion (assuming the quantification limit as actual value) 

0.0

5.0

10.0

15.0

20.0

25.0

PCBs DDT Drines Heptacloroepoxi PAHs

 

 

With relation to the aliphatic hydrocarbons, 28 individual compounds were analyzed and, for the 

purpose of the evaluation, those showing quantifiable values with more frequency (heptadecane and 

pentacosane) were selected. 

The samplilng point presenting the highest concentration of heptadecane is Belize’s Port, with more 

than double than any other sampled point (Figure 3.2–44); on the other hand, the concentrations of 

pentacosane were heterogeneous (Figure 3.2–45) with the highest value being registered in the 

sediments of the Sarstun River (0,76 mg/kg), followed by the concentrations corresponding to Belize’s 

Port and Dulce River (both with 0,59 mg/kg) as those belonging to Alvarado Lagoon (0,50 mg/kg).  At 

the general level, the highest concentrations of pentacosene were recorded in the zones belonging to 

Guatemala and Belize; in Honduras, with the exception of Alvarado Lagoon, the concentrations were 

lower than the analytical quantification limit. 

Finally, Table 3.2–19 summarizes the results obtained for the different organic compounds. 
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Figure 3.2–44. Environmental Prospection Campaign: 

Matrix “Sediment”: Heptadecane 

 

Note: All reported values belong to the quantification limit of the analytical technique with the exception of those belonging to 

Puerto Belize. 
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Figure 3.2–45. Environmental Prospection Campaign: 
Matrix “Sediment”: Pentacosene 

 

Table 3.2–19. Environmental Prospection Campaign: 

Matrix “Sediment”: Concentrations of organic compounds (expressed in µg/kg of dry matter) 

STATION 
PCBs  

(µg/kg) 

DDT  

(µg/kg) 

Drines* 

(µg/kg) 

Chlordane 

(µg/kg) 

Heptachlor 

epoxi  

(µg/kg) 

PAHs  

(µg/kg) 

Turneffe Reef  <1,1 <2,7 <2,7 <53 <2,7 <6,7 

Puerto Belice <1,6 <4,1 <4,1 <81 <4,1 <6,7 

Big Creek <1,2 <3,1 <3,1 <61 <3,1 <6,7 

Sarstún River <1,2 <2,9 <2,9 <58 <2,9 <6,7 

Dulce River <1,5 <3,9 <3,9 <77 <3,9 <6,7 

Puerto Santo Tomás <1,9 <4,7 <4,7 <93 <4,7 <6,7 

Puerto Barrios <1,5 <3,7 <3,7 <74 <3,7 <6,7 

Puerto Cortés <0,98 <2,4 <2,4 <49 <2,4 <6,7 

Laguna Alvarado <2,1 <5,3 <5,3 <110 <5,3 <6,7 

Motagua River <0,92 <2,3 <2,3 <46 <2,3 <6,7 

Ulúa River <1,4 <3,5 <3,5 <70 <3,5 <6,7 

Chamalecón River <0,92 <2,3 <2,3 <46 <2,3 <6,7 

Note: The values indicated as “< x” belong to the quantification limit of the analytical technique Drines include 

Aldrin, Endrin and Dieldrin  
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c) Biota Quality Studies 

 Metals 

As previously indicated, metals measured in sediments were also determined in seven (7) biological 

samples that corresponded to compound samples (of muscle and liver) of the “ronco blanco” fish 

(Haemulon plumieri).  

As expected, the lowest values of metals were registered in the samples corresponding to the so-

called “control point” (Turneffe Reef); on the other hand, departing from the results obtained, it is found 

that metals which appear in higher concentrations are Zinc and arsenic (Figure 3.2–46 y 3.2–47).  

 

Figure 3,2–46. Environmental Prospection Campaign: 

Matrix “Biota”: Metals (mg/kg) 
 

 

Note: Some reported values belong to the quantification limit of the analytical technique; in particular: a) the values of 

Cadmium belonging to Gallow Point, Cayo Mc Bride, Punta Manabique, Turneffe Reef and Cayo Wilson; b) the values 

of Copper with the exception of Cayo Sapodilla; c) the values of Mercury for Cayo Mac Bride and Turneffe Reef; and d) 

all values of nickel and lead. 
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Figure 3.2–47. Environmental Prospection Campaign: 

Matrix “Biota”: Metals (mg/kg) 

 

Nota: Some reported values belong to the quantification limit of the analytical technique; in particular: a) the values of 

Cadmium belonging to Gallow Point, Cayo Mc Bride, Punta Manabique, Turneffe Reef and Cayo Wilson; b) tos the 

values of Copper except for Cayo Sapodilla; c) the values of Mercury for Cayo Mac Bride and Turneffe Reef;  and d) all 

values of nickel and lead. 

In Wilson Cay and Cortés Port, zinc registered elevated values with respect to the other sampling 

points with their concentrations being 7,2 and 6,3 mg/Kg respectively (Figure 3.2–46); such result 

agrees with those obtained from the superficial bottom sediments, where arsenic and zinc were also 

the metals found in greater concentrations (see Figure 3.2–34). 

Arsenic showed a concentration gradient that was very similar to the one registered for zinc, 

presenting elevated concentrations at the same sampling points (Figure 3.2–46); the values 

registrated in both cases were of 9,3 mg/Kg. 

Manabique Point was the sampling point presenting the highest mercury concentration (0,35 mg/Kg), 

followed by Wilson Cay (0,18 mg/Kg). 

For cadmium and cupper the highest concentrations were found in Sapodilla Cay, which marked 0,27 

and 0,86 mg/Kg respectively. 
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At a general level, even though Wilson Cay presented the highest concentrations of arsenic and zinc, 

and some mercury also, the sample corresponding to Sapodilla Cay was the only one showing the 

quantifiable presence of five of the seven metals analyzed (Figure 3.2–46). 

With respect to the normative utilized for the evaluation of the data, the National Oceanic and 

Atmospheric Administration (NOAA) of the United States, does not establish concentrations for 

biological tissue samples; on the other hand, the Canadian Water Quality Guidelines for the Protection 

of Aquatic Life establish maximum acceptable concentrations  of certain compounds in the tissue of 

aquatic organisms, with the objective of protecting the natural biota, as it establishes maximum 

concentrations for which adverse effects over aquatic life developments is not to be expected.  

Nonetheless, such Norms do not establish values for metals, with the exception of methyl-mercury, as 

this mercury form is the most relevant one from the toxicologic point of view. 

Considering the previously mentioned situation, and considering the biomagnification processes in the 

trophic chain of certain pollutants, an orientative type evaluation was decided, considering the guide 

values established in the Norms for the Consumption of Fish, Crustacea and Molluscs of Australia and 

New Zeland (ANZFA, 2000); considering only those metals presenting a guide value in fish tissues. 

According to what was previously expressed, it is observed that for arsenic all the points exceed the 

maximum acceptable value in fish tissues regarding the protection of consumer’s health (2,0 mg/Kg), 

with the most compromised sampling points being those corresponding to Wilson Cay, Cortes Port 

and McBride Cay. 

For mercury, the situation reverts, as none of the sampling points exceeded the maximum acceptable 

mercury concentration for consumption of fish (0,5 mg/Kg); the same happens with cupper, lead and 

zinc, the maximum acceptable concentrations of which are 2,0, 0,5 and 15,0 mg/Kg respectively. 

 Organic Compounds 

For said compounds remained the subgroups considered for the matrix “sediment”(Section 3.2.2.8.b).  

For the DDTs sub-group, only the Sapodilla Cay sample presented quantifiable concentrations 

(reaching 2,9 µg/Kg); nonetheless, such value is much lower than the maximum established in the 

Canadian Water Quality Guidelines for the Protection of Aquatic Life, which establish a maximum 

acceptable concentration in fish tissues of 14 µg/Kg.  A similar conclusion occurs when comparing the 

value reported with the maximum acceptable according to the Norms for Consumption of Fish, 

Crustacea and Molluscs of Australia and New Zealand (ANZFA, 2000) which corresponds to 0,5 

mg/Kg (much higher than the concentration registered). 

For the other sub-groups (drins, chlordane and heptachlorepoxy) no quantifiable values are observed, 

with the maximum limits found for the three sub-groups of 1,0 µg/kg. 

With regard to PCBs, no quantifiable values were found in any of the samples analyzed; all the values 

are lower than 2,0 µg/Kg. 

Turneffe Reef (the so-called “control point”) shows quantifiable values for pyrene (a compound 

belonging to the family of the PAH’) wherein it reaches 16 µg/kg; the other individual compounds 

analyzed, as well as all other sampling sites, present values lower than 10 µg/kg. Given that the 

majority of the values registered are lower than the limit of analytical quantification, the same graphic 
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representation done for the superficial sediments of the bottom was carried out, applying a 

conservative criterion; Figure 3.2–48 pretends to be an approximation of the probable maximal 

concentrations of each organic compound in the samples of fish tissues.  

Figure 3.2–48. Hypothesis of maximum concentrations of organic compounds (µg/kg) in biota depending on 

conservative criteria (assuming the quantification limit as the actual value) 
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Analyzing the Results obtained of aliphatic hydrocarbons, it is observed that pentacosane is the quantifiable compound 

in several of the analyzed samples, with the average values obtained being 0,21 µg/Kg.  The results presented a 

relatively homogeneous concentration gradient, between 0,13 and 0,26 µg/Kg, with Wilson Cay, Mc Bride Cay, Turneffe 

Reef and Sapodilla Cay being the points of higher concentration, but with the Gallows Point value not being considered 

in the evaluation, because such sample had a quantification limit that was much higher than the other analyzed 

samples. 

Finally, Table 3.2–20 summarizes the results obtained for the different organic compounds. 

Table 3.2–20. Summary of results of organic compounds in “White Grunt Fish” tissue (µg/kg) 

Station 

PCBs 

(individual 

kinds) 

DDT Drines *  Chlordane 
Heptachlor 

epoxi 

PAHs 

(individual 

kinds) 

Gallows Point <2,0 <1,0 <1,0 <1,0 <1,0 <10 

Mc Bride Cay <2,0 <1,0 <1,0 <1,0 <1,0 <10 

Punta Manabique  <2,0 <1,0 <1,0 <1,0 <1,0 <10 

Turneffe Reef <2,0 <1,0 <1,0 <1,0 <1,0 
Pirene = 16,  

others <10 

Wilson Cay <2,0 <1,0 <1,0 <1,0 <1,0 <10 

Sapodilla Cay <2,0 2.9 <1,0 <1,0 <1,0 <10 

Puerto Cortes <2,0 <1,0 <1,0 <1,0 <1,0 <10 

Note: The values indicated as “< x” belong to the quantification limit of the analytical technique  

Drines include Aldrin, Endrin and Dieldrin 
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3.2.2.9. Conclusions 

The quali-quantitative information obtained in the Environmental Prospection Campaign carried out 

within the frame of the present consultancy between August 08 and 26 of the year 2008, permits 

identifying, on a preliminary basis, the present environmental situation of the area of study. However, 

the Consorcio Internacional MarConsult Inc. – CSI Ingenieros SA wishes to emphasize the need to 

implement a systematic sampling that allows to gather a significant series of data, considering the 

possible seasonal variations, for in that way to generate basic information whose assessment will 

allow: on the one hand, to implement actions before the environmental degradation of the system 

occurs and, on the other hand, evaluate the effects of the introduction of pollutants to the environment. 

The variations recorded in the physical – chemical properties of water (such as conductivity, salinity 

and dissolved total solids) indicate that the body of water is not homogeneous; said variation may be 

associated to differences in the entry of masses of water coming from the effluent rivers, the 

incorporation of underground waters, differential evaporation scopes as well as, the action of tides and 

ocean currents.  

The sampling sites belonging to Sarstún River and Río Dulce were those wherein there seems to be a 

higher contribution of fresh water (given the fact that they present lower conductivity and, therefore, 

salinity values). 

In connection with the quality of water, it would seem that the euthrofization conditions reported in the 

previous studies are not maintained; however, it should be noted that in none of said studies it is 

shown information on water samples belonging to the marine area of the Gulf of Honduras but is 

essentially, about assessment of the effluents thereof. Aspect that has to be verify in a future. 

The sampling site belonging to Puerto Belize is the one that showed the highest charge of nutrients of 

all samplings carried out, additionally, it is the one that shows the highest bacterial charge, the highest 

quantifiable concentration of sulfide and the highest suspended solids. Said parameters could be 

evidencing the presence of discharges of sewage waters. Additionally, it should be noted that the 

sediments of said sampling site reveal no traces of pollution from metals or organic compounds, with 

the exception of the pentacosane alyphatic hydrocarbon which was assessed in very low 

concentrations and which is found present in diesel and gas oil.  

The sampling point corresponding to the influence area of the Chamalecon River presented a similar 

situation to the one corresponding to Belize’s Port, with regard to the nutrients load and the coliform 

bacteria (although in less concentration),with this point being, together with the sampling points 

corresponding to the influence area of the Ulua and Motagua Rivers, the ones most compromised with 

regard to the suspended solids. 

At a general level, all registered values of metals in sediments, with the exception of cadmium, have 

been quantifiable in different concentrations and at all sampling points, with zinc and arsenic being the 

ones appearing at the highest concentrations; nevertheless, in no case they exceed the concentrations 

established by the National Oceanic and Atmospheric Administration (NOAA, United States) as “which 

concentration below, is improbable to have an adverse effect for the biota” (TEL).  
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The same trend is recorded in the samples belonging to the tissue of the White Grunt fish (Haemulon 

plumieri); in all sampling sites arsenic and zinc appear in quantifiable concentrations followed by 

mercury (in less amounts of cases).  

The reported concentration of arsenic for samples belonging to the tissue of the White Grunt fish 

(Haemulon plumieri) excede, in all cases, the permissible values in the Standards for the Consumption 

of Fish, Crustaceous and Molluscs of Australia and New Zealand (ANZFA, 2000). Said Pollutant could 

come from sewage, pluvial, industrial and solid waste lixiviate discharges, as well as also could be 

transported by gases and ashes suspended in the air and be deposited, both in the water and in the 

soil, and subsequently be dragged by the draining from the tributary basins towards the Gulf of 

Honduras.  

The sampling sites belonging to Puerto Barrios and Puerto Santo Tomás de Castilla have recorded the 

highest concentration of bacteria indicators of fecal contamination, as well as quantifiable 

concentrations of oils and greases. Additionally, said sampling sites are the ones that evidence the 

highest concentrations of total metals in sediments with high values; regarding the totality of the points 

sampled for arsenic, mercury, zinc, copper, lead and nickel (although in lower concentration than in 

other samples). These parameters are much related to discharges of sewage waters as well as to 

industrial discharges and lixiviates from solid residues. It should be noted that there were no recorded 

quantifiable organic compounds (PBCs, hydrocarbons, pesticides, etc) in any of the two sampling 

sites.  

The fecal contamination evidenced in the sampling sites belonging to ports, makes surmise that the 

origin thereof is due to household sewage discharges and not to ships, since said contamination is not 

recorded in Puerto Cortés, where there is an efficient treatment of household residues. Puerto Barrios 

is the sampling site that shows the highest concentration, followed by Puerto Belize and Puerto Santo 

Tomás de Castilla.  

In the transboundary rivers (Sarstún and Motagua) the major Pollutants found were suspended solids 

(which generate a reduction of the penetration of light in the water column, with the resulting 

affectation of aquatic flora); of both transboundary rivers, the Motagua is the one showing a higher 

problem. Although the charge of solids is the result of the activities carried out in the whole 

hydrographic basin, the highest one seems to come from the Honduran basin. In the Sarstún River, 

high concentrations of oils and greases as well as sulfides are also observed; the latter would indicate 

the presence of dumps containing organic matter that has been degraded.  

Alvarado Lagoon is the sampling point with the highest concentrations of oils, fats and 

orthophosphate, as well as quantifiable concentrations of mercury and the highest values of cupper 

and lead.  Likewise, quantifiable values of pentacosane were registered; consequently, the 

contributions of pollutants may come from discharges of sewer and pluvial waters (this is, contributions 

from urban areas after roads’ washings and the resulting dragging of fuels used by the car pool) as 

well as solid waste. 

Cayo Sapodilla was the sampling site wherein the highest number of metals was quantified (cadmium, 

lead, zinc, arsenic and mercury) in the tissue samples of the White Grunt fish (Haemulon plumieri).  

Zinc, arsenic and mercury also have been quantified in tissue samples of the White Grunt fish 

(Haemulon plumieri) belonging to Puerto Cortés, Cayo Wilson and Punta Manabique. 
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Aliphatic hydrocarbons with quantifiable values in biota was the pentacosane (which can be found at 

the majority of the sampling points).  Considering that their origin is diesel or gas oil, its presence could 

originate from floating vessel motors and/or it could be associated to contributions from urban areas 

(from road washings and the consequent dragging of fuels used by the car pool). 

Finally, it should be noted that in the tissue samples of the White Grunt fish (Haemulon plumieri), no 

quantifiable values of organic compounds, such as PCBs, pesticides and PAHs were recorded, with 

the exception of Cayo Sapodilla (wherein DDT could be quantified) and from Turneffe Reef (where 

pyrene was assessed, although in low concentrations). 

3.3. Social-Economic Frame 

3.3.1. Demographic and Population Aspects 

According to the information of the latest population census available (Figures and Tables 3.3–1 a 

3.3–3) and the population projections performed by the Latin American and Caribbean Demography 

Center – CELADE (Figure 3.3–4), the global population in the countries adjacent to the Gulf of 

Honduras reaches, approximately, a total of 21,7 million inhabitants, whereof some 2,1 million belong 

to the coastal region of the area of study object of the present consultancy (Table 3.3–4). 

Likewise, Maps 35 to 38 show the administrative limits of the districts / departments in which each 

country is subdivided (Slide 35), the population belonging to the years 2000 – 2002 (Map 36) and 

2007 – 2008 (Map 37) as well as the population variation occurred in said period (Map 38). 

In broad outlines, the information shown above allows observing that:  

 Belize is administratively organized in six (6) districts, whereof four (4) have coasts on the 

Caribbean (Corozal, Belize, Stan Creek and Toledo) and only three (3) have coasts on the Gulf 

of Honduras (Belize, Stan Creek and Toledo). The population taken in the census to the year 

2000 belonged to 232.111 individuals and the performed projections allow estimating the 

population in 311.600 inhabitants for the year 2007. 

 Guatemala is administratively organized in twenty-two (22) departments and is the highest 

populated country (both in the region of the Gulf of Honduras and in Central America; (see Table 

2–1). Said population represented 11.237.196 individuals to the year 2001 and, in accordance 

with the projections performed by the Latin American and Caribbean Demography Center 

(2008), it will reach a total of 14.361.666 individuals in the year 2010. Although the mean annual 

growth rate tends to diminish, its present level (2,5 %) remains high which is explained by a high 

fertility – the highest in the Latin American region - and a reduction of mortality, which has 

contributed to a higher survival of its population. In consequence, the Guatemalan population is 

characterized by its youth: four out of every ten individuals are under 15 years of age and six out 

of every ten are under 20 years of age.  

 Honduras, is administratively organized in eighteen (18) departments, with a population of 

6.535.344 inhabitants as of the year 2001 and 7.721.324 inhabitants by the year 2008, showing 

a demographic growth rate estimated in 2,25 % per annum (Central American Population Center 

of the University of Costa Rica – CPC/UCR). 

 




